| TEXTILE RESEARCH 
JOURNAL 


VOLUME XX February, 1950 NUMBER 2 -| 


| 
PUBLICATION OF 
1 TEXTILE RESEARCH INSTITUTE, INC. 
AND 
THE TEXTILE FOUNDATION a 
| 
| Editorial Office: 10 East 401TH Srreet, New Yorkx 16, N. Y. 


| 
+4 


- 


CONSOLIDATION OF 


Research Ceuporation 


AND THE 


WUmiled Slules Lesting Company, Ine. 


RESULTS IN EXPANDED RESEARCH 
SERVICE TO INDUSTRY 


HE RESEARCH DIVISION 
fe specialize in chemical and physical 
research, and in translating research results into 
practical production processes. The newest 
research cool... a completely equipped radio- 
active isotopes laboratory . . . will be at its dis- 
posal in achieving results hitherto impossible. 


Esselen 
Research Division 


OF THE 


UNITED STATES TESTING COMPANY, INC. 
857 Boylston Street, Boston 16, Mass. 


| 


To the assets of the United States Testing 
Company, Inc., Esselen adds its own 29 years 
of research experience and its expert staff of 
chemists, engineers, and physicists. 

We invite inquiries about the new Esselen 
Research Division and how it enables this 
organization to better serve industry. 


UNITED STATES TESTING COMPANY, INC. 


Established 1880 
HOBOKEN, NEW JERSEY 


PHILADELPHIA, PA. BOSTON, MASS. WOONSOCKET, I. 
CHICAGO, ILL. + NEW YORK,N. Y. «+ LOS ANGELES, CAL. 
DENVER, COL. + MEMPHIS, TENN. 


Member of American Comnci/ of Commercial Laboratories 


| 
| 
| 
| 
| 
| | 
| 
| 
1 
| 
| 
| | | 


Ss TEXTILE RESEARCH 
Vou. XX, No. 2 JOURNAL February, 1950 


=> 
In This Issue 
aa Microbiological Deterioration of Cellulose During the First 72 Hours of Attack 
Edward Abrams 71 
The Relaxation of Stress in Wool Fibers Sidney M. Katz and Arthur V. Tobolsky 87 
" Stabilization of Casein Fibers by Desamination R. F. Peterson and R. L. McDowell 95 
“ Special Dyeing of Cotton on the Seed Gives Visual Evidence of Changes During Fiber 
Development Charles F. Goldthwait, Herbert O. Smith, and Florence T. Roberts 100 
Letters to the Editor 
Py Examination of Rayon Cross Sections with the Electron Microscope in Conjunc- 
tion with Supplementary Light-Microscopic Observations P. H. Hermans 105 
“The Fine Structure of Cotton Fibers from Density Measurements” 
P. H. Hermans 108 
INDUSTRIAL SECTION 
The Determination of Cotton Textile Dusts in Air 
Leslie Silverman and Frederick J. Viles, Jr. 109 
Water-Impermeable, Water-Vapor-Permeable Coated Fabrics 
7 Development of a Waterproof Coated Fabric Which Transmits Body Perspiration 
| George E. Martin, Harold S. Sell, and Bruce W. Habeck 123 
i The Place of Research in Textile Colleges Kenneth R. Fox 132 
Book Reviews 136 
Editor: Julian S. Jacobs Managing Editor: Julia M. Crisp 
Associate Editors 
H. J. Ball Gustavus J. Esselen H. Mark 
Ear! E. Berkley Earl K. Fischer FE. R. Schwarz 
ole Henry Eyring Milton Harris Kyle Ward, Jr. 
fs kK. L. Hertel 
PeNXTILE RESEARCH Jon KNAL, pp iblished monthly at Prince and Lemon Streets, Lancaster, Pa., is devoted to the interest of 
: research in textile and allied industries It is the official publication of Textile Research Institute, Inc., and The Textil 
Foundation 
Manuscripts and communications should be sent to the editorial office 10 -ast 40th Street, New York 16. N.Y 
Subscription rates (including, monthly, bound copy of the Abstracts from the Journal of the Textile Institute): General $15.00 
per vear; additional for postage, 50 cents to Canada, $1.00 to all other countries Special —~ $10.00 per vear for United State 
> ind Canadian students, teacher educational institutions, public libraries, governmental libraries and departments, plu 
50 cents for postage to Canada Single copies, $1.50 each 
Entered as second-class matter \pril 27, 1945 at the postottice itl incaster, Pa nder the Act of \ugust 4, 1912 
f Contents copyrighted 1950 by Textile Research Institute, Ene 
Advertising rates supplied on reque 
uf 


: 
| 
a 
La 
4 


it’s Thrifty to 

Use TRITON X-100 
in Textile Wet 
Processing 


WON ALKALL AND 
acid St apit 


SCOURING AGENT FOR WOOL, 
1 COTTON AND SYNTHETIC FIBRES 


ALS FOR INDUSTOY 


ROHM £ HAAS 


COMPANY 


WASHINGTON SQUARE PHILADELPHIA PA 


Textile Fiber Atlas 


TECHNICAL TEXTILE BOOKS 


vy l'on Bergen and Krauss 50) 


New revised edition 


410 Photomicrographs of New and 


Ole Textile Fibers 


American Cotton Handbook 


Verrt Vacormac, and Mauersherqge) 


Second edition 


\ Standard Reference Book 


American Wool Handbook 
l’on Bergen and Mauersherqes 
Second edition 


\ Standard Reference Book 


Textile Brand-Names Dictionary 


Introduction by Alexander Scher 


f Richards & Geter $0.00 


Principles of Textile Converting 


v Irving Teplit 


Yarn and Cloth Calculations 


by Lloyd H. Jackson $6.00) 
\ } me Syster ( 
uv Proble 


TEXTILE BOOK PUBLISHERS, Inc. 
303 Fifth Avenue New York 16, New York 


a 
| noor mons... 
| 
| 
| 
| a 
ost 
A= 
ac 
j 
Textile Chemical Specialty Guide | 
| 
if 
ar 


TEXTILE RESEARCH 
JOURNAL 


VoL. No. 2 February, 1950 


Microbiological Deterioration of Cellulose 
During the First 72 Hours of Attack" 


Edward Abrams + 
Institute of Textile Technology, Charlottesville, Virginia 
Introduction way some of these methods did not appear td he 


lhe effects of microbiological attack on breaking easible or useful and were replaced by other method 


strength of textiles have been studied in many labora 


The work done on the present project imecluded 
| ] 

) study o wth loss of te to 
tories In most cases a great loss of, strength was (1) a study of the strength | textiles due t 
‘ le ETON of 5 molds study o 

noted after 3 days of attack by molds. “A preliminary the growth of 5 molds; (2) a study of the micr 

study in this laboratory of the course of attack by 3 copic appearance and chemical resistance of hber 


after attack by mildew: (3) a study of the growth 


organisms during the first 72 hrs. indicated that the 
strength of cotton duck was reduced from 35% to of cellulolytic molds on modified celluloses and on 
60% during this time, although there was no evi sugars; (4) attempts to measure the initial decom 
dence of mycelium to the unaided eve position products; and (3) a study of the effects of 
This project was undertaken to study further the enzymes of Chaetominm globosum on several forms 


: profound changes which take place in cellulosic fibers cellulose 
due to the action of 5 cellulolytic molds during the 
first 72 hrs Experimental Data 
Phe original proposal contemplated the study of © 7) Pert of 5 Cellulolytic Organisms on Cotton Ducl 
h this breakdown by established methods and by a During the First 72 Hrs. of Incubation 
: number of new ones. After the work had got under 
Ina previous publication 5 cellulolytic or 
his prov is sponsored | he Othce o aval < 
}: search under Contract and Task Number NSONR554 and ; 
Destination Number NRO34-244, ans vork was the strength and weight of 8-oz. unbleached, un 
a carried on at the Institute of Textile Technology, Charlotte sized cotton duck fesidual strength was determined 


ville, Virginia 1 ‘ 
by making breaking-strength determinations each 
+ Present address: Laboratories Resears Mamaroneck, 


¥ Yoru day of incubation up to complete destruction of the 
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first pecimens ,eTe removed 
fr incubation atter the first indications of growth 
ere visible to the unaided eve This was usuall 
ter from 2to 4 da depending upon the organtst 

lhese « periment vere extender to chuck the 
eflect of these same organist during the pertod 
efore visible evidence of growt 

latvrials and Methods Che 5 fungi used in this 
experment were the sane these reported 


Microlnologieal Deterioration of Textiles: Con 


parison of Cellulolytic Fungi” Phese 
jung: and them identifying strain numbers are as 
iti N Name { tur N 


16 Ch ‘ 1424 

17 temphylium sp 

1s erru 1444.0 

Po provide spores tor the experiments, the ot 
were grown for 14 da at 29°( filter 


paper lant 


Deterioration of the breaking-strength 


cotton duck was carned out lO-oz. square, 


crewea ip according te the ! ethod ot Cireat 


house ef al, [LO]. The cap of each bottle was fitted 


with a glass-fabric insert which covered a hole in 


the cap. Inte each 16-02. bottle was poured 35 mi 
of molten salts-agar medium (see Table I un the 
bottles were capped ere ther terilized at 
15-lh pressure and 121 ¢ Miter sterhization, the 


hottles were placed on their sides to allow the apar 


to harden 


Strips of duel with the varp 


mm the long direction, were also sternbhized, and atter 


the agar had hardened, a strip of fabric was placed, 


war om each bottle For eac 


WV, on the 
rannist f \ (Thi 
organism 240 bottles were thus prepared This 


figure is obtained by multiplying 


the number of spect 
mens for each pomt on the curves | 10] by the num 


ber of incubation periods trom 3 hrs. te 72 hrs. [24] 


Lhe moculum tor each Vas prepare l by 
the spores trom S culture tubes to 500 
of stertle distilled water ot an moculu 
were pipetted unttormiv over the strips m each ot 
the 240 boeottle Phe bottles ere then meubated it 
for tre to 72 Controls consisted 
milar tabrie strip irate n contact with the 
ilts-agar medim it ‘ ited th fungal 
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PABLE |. Composition of Mepium 


( ponent \mount Component \mount 
NH\NO MgSO.7H&) 2.0 g. 
\gar 18.0% 


K.HPO, Water 1.0] 


\fiter each succeeding 3-hr. period of incubation, 


lt) specimens for each organism were removed from 


the bottles, washed, dried, raveled to 1 im. in width, 


d then conditioned at 65° K.EL. and 72°F before 


breaking on a Suter Fabric Tester. Loss of strength 
vas calculated as percent residual strength 

sults Prior to the 48th hour of incubation, no 
sign of growth was seen with the unaided eye. At 
ibout the 4&th hour of incubation faint traces of 
miveelum were evident in the case of sp., 


a sp. and Chactomium globosun Vyro 
freon verrucaria showed vellow spots at about the 
OOth hour, whereas Stemphylim sp. did not show 
evidence ot growth until the 120th hour. Because of 
the fact that Stemphylium sp. grows at a slower rate 
than the other organisms, the incubation period was 


extended to 120 hirs., and samples were taken every 


Strength Tests The figures which appear in 
le were obtamed averages based on 10 


determinations for each 3-hr. period. From. the 


values were calculated the percentages of residual 
strengths based on the strength ot the control fabric 

The data in Table IL were plotted and smooth 
curves were drawn, as shown in Figures 1-5 

The data show that nnecrobiological damage, as 
evidenced by loss ino strength, takes place much 
sooner than is usually suspected and before the my 
cehum can be detected by the unaided eve Four 
of the organisms show a definite lag in effect, which 
ippears to correspond te the germination period for 
each organism. bor //wmicola sp, it lasts about 1&8 
hrs., for Chaetomimm globosum about 9 hrs., for 
om verrucaria about 18 hrs., and for Sten 
a sp. about 36 hrs Thielavia sp. does not 
seem to have such a lag, inasmuch as the strength ot 
e imoculated tabric begins te drop off after the 3rd 
ur of meubation 
Undoubtedly, there must be great variation in 
these results because the breaking strengths of the 
relatively tew fibers which have been attacked at this 
earl stage may he offset by the large number ot 
thers which have not been attacked Therefore, it 


seem that the chiei 


value of this experment 
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es lies in the qualitative demonstration that microbio 


logical damage can take place very soon after incu 
bation has started, under ideal conditions of growth 

This work suggested that a study of single fibers, 
rather than of fabrics, would be more apt to produce 
“undiluted” 


pure, results 


The next experiment was based on this conclusion 


thew} 


2. Study of Mildewed Fibers in Dilute A 


With regard to the determination of microbiologi 
cal damage in cellulosic fibers by microscopic meth 


ods, Marsh [15] reviews the literature as follows 


Ot the various methods which might be used in de 
tecting and diagnosing microbiological fiber and textile 
deterioration, the most attention has been paid to certanu 


and Thavsen found 


em 


that when damaged cotton fil 


te chnique 


vers are subjected to. the 


carbor disulfide-sodium hydronic swelling techr nue 
origi illy described by Balls they show a decreased tend 
ency toward the beadn henomenon which occurs so 


| 
with normal! fibers simil 


arbone on 


ir observation had 


been made previously by olhnologically 


damaged fibers swollen in Schweitzer’s reagent. Fiber 


a damaged by microorganisms are also stated by |} eming 
tare and Thaysen to exhibit numerous cracks and isi 
4 tested by their methor Denham criti t t 
Su well technique of Fleming and Thaysen as a diag 
; { nostic method for indicating microbiological damage on 
1 the ground! that the reaction its deper ent only on the 
be! ‘ I the cl t ck tl it s] elit 1 it 4 il d 


occurs im ginning, will | 


in organism which 


however extensive its 


umet the wall lavers, may escape observatio \ 

| cord yt Br vht I} ivsen 1 later conversatiot pl ed 

emphasis ¢ the ppearance ot cracks and crevice the 

voll as well on thre presence absence 
j the beading phenomenon He has himself described a 


other microscopic method for detecting tiber damage to 
cottor His method again is apparently essentially a 
measur ot the condition of the primary w It ! 
we volve treatment of the fibers witl 11% sodium vdrox 
: ide, then with a ¢ ongo red solution. and finally with 1S* 
odium hydroxide. The first, milder swelling is intended 


to rupture the primary wall of damaged but not 


{ damaged fibers, subsequent treatment with Congo red 
staining the underlying cellulose at these ruptured points 
Final swelling m 18°) sodium hydroxide brings about 


f ore extensive rupture of the cuticle and exposure of 
ty unstained cellulose ( presents several photomicro 
graph howing the results of tests on variously damaged 

cotton fibers by use of the ¢ ongo red test Prindle i 


used a combination swelling-staining technique with cu 
' prat onium solution and Victoria blue stain for detec 
fi tion of m Idew damage to cotton fibers.” 
In the course of surveying the field for possible 


methods of determining microbiological damage m 


single fibers, the Clegg [4] Congo red test w 


vestigated 


ng and 


Ss 
this 


SCOPE 


Howe ver, 


cally 


sta 


study 


individual fibers which had been mildewed for 


a given time 


single fiber which had been mildewed for 24 hrs., 


with constant 


Was 


profound, localizes 


nal 


NaQOuH 


hact 


tiber 


Then, 
water under the 


and 11! 


found 


observation 


TI 


except for the presence of spores and mycelium of 


thre ite 


fiber, 


a 


stil 


| his can 


This observation 


card 
first 


atertals and 
sliver, of about 


treated to 


removed 


salts-agar in petri dishes and were incubated for 
3-hr periods up to 72 hrs Up to 24 hrs. all the 
fibers remained imtact However, after the 24-hr 


period an increasing number of fibers were lost be 


Alin 


ap] 


Denham |5] lists brittleness as 
ture of partly degraded cotton fibers 
This method 


mer 


Sterile molten mineral salts agar Was placed on 


sterile 
thin fi 
cony 
h 


cotton 


lated with Chaetom 


iple 


fil 


Wilds 


to 


one was adopted 


ct 


slide 


individual t 


a card 


er 


as nie 


The 


ning of tufts of fibers in a mass 


ibers 


Clegg 


technique involves the swell 
From 
are wor 


selected necro 


in our work we examined microscopt 
While using the Clegg techmaque on a 


the 


i alone, without dye, revealed 


observation under microscope, It 
that 
1 changes in the fiber. This origi 
with the 11% 


1 fiber had been mounted in water, and 


made use oft 


Was 


vhosu it appeared to be a sound 


by using 


a bit of blotting paper, the 
cover ship was withdrawn from one 


cu 


was introduced by pipet trom 


star 


sick 


ly scanning the whole 


to dissolve 


ul sec Ww 


as aWaAyY 


seen) ire © 


stimulated the following experi 


ds 
1, 


it 


Cotton fibers taken from 
length 
Wax Was 


followed 


tite 


In. average were 


remove waxy material 


refluxing in aleotwol for 6 hrs., 


iry experiment the fibers were ce 


with a l-in. opening so that 1 im 


hactomium glo 


available for attack by ( 


ese cards were then placed on mineral 


This breakage 
an the 


weak 


the 


at 
to 


pou 1s 
brittleness tibers 


a characterizing fea 


was later abandoned and the follow 


that a 


rge enough to support a 


slides in such a manner 


agar medium la 


tiber 


tton vas directly in the center of 
When the agar had hardened, a single 
vas placed on the agar and was inocu 


globosun \fter incubation 


| 
|. 
4 
— 
I 
= 
\ 
| 
Bea 
age to the cuticle, such as 
fallacious results, whit docs not by refluxing in etl or hr 
| atfect the cuticle, ravages in ln a | 
| 
duc 
ot un 
113) 
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Ae 
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Thielovie sp. 
100 
90 
80 
70 
x 
5 60 
5 
= 
2 
i 
0 © 20 3% 40 SO 60 70 
INCUBATION PERIOD, HOURS 


gg Fic. 1. Relationship between time of incubation and 
residual strength of cotton duck attacked by Thielavia sp 


We ( Based on data of Table 11.) 


Choetome 1 globosum 


4 
90 
+ 4 a 80 
wi 
> 
x 60} 
5 
w 50 
« 
40 
_, 30 
#10 
0 10 20 40 SO 70 
INCUBATION PERIOD, HOURS 
Fic. 3. Relationship between time of incubat 
residual strength of cotton duck attacked by O} 
globosum. Rased on data of Table Il.) 


residual strength of cotton duck attacked by Humicola s 
( Based on data of Table II.) 


strength of cotton duck attacked by Myrothe- 


} 
crum verrucaria. (Based on data of Table IT.) 
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Humico sp. 


PERCENT 


RESIDUAL STRENGTH, 


10 20 40 50 60 
INCUBATION PERIOD, HOURS 


Relationship between time of incubation and 


P- 


Myrothecium verrucario 


z 90 
rs) 
« 80 
w 
a 7 
x 
60 
w 50 
« 
460 
2 30 
> | 
2 20 
ra 
i0 


0 10 20 3} 4 50 60 70 
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Relationship between time of in ubation and 
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Stemphylium Sp. 


STRENGTH, PERCENT 


RESIDUAL 


80 390 100 110 120 


30 40 SO 70 
NCUBATION PERIOD, HOURS 


Fic. 5. Relationship between time of incubation and 


residual strength of cotton duck attacked by Stemphylium 
sp. (Based on data of Table 11.) 


for from 12 to 72 hrs., a large number of fibers on 
slides were removed at each successive 12-hr. period 
and were treated with ‘varying concentrations of 
alkali. For each concentration of alkali, 10 fibers 
on slides were examined. ‘The fibers were first ex- 
amined by placing a drop of distilled water over 
each fiber and then covering it with a cover slip. 
\fter examination of the specimen at a magnifica- 
tion of 430 times, the water was removed with blot- 
ting paper from one edge and the proper concentra- 
tion of alkali was introduced under the cover slip 
A period if 
usually sufficient to produce the effects listed in 
Table 
10 determinations in each case. 

A graphic representation of the data in Table II] 
is given in Figure 8. 


from the opposite edge. 10 min. was 


The values in the table are averages for 


Here we have further evidence that cotton fibers 
are seriously damaged by molds at a relatively early 
After only 12 hrs. of incubation 
globosum, treatment 


stage of incubation. 


with Chaetomium with 9% 
NaOH revealed an average of one hole per fiber. 
Treatment with 110 NaOH increased this value to 
\fter 24 hrs. of 
average of one hole per fiber could be seen when the 


this 


3 holes per fiber incubation an 


fiber was mounted in water: was the earliest 


te 


TABLE Il. Resipuar Srrencru of 8-oz. Duck Arracket 
ny 5 Derrerent Funct, CaLcuiaren as PERCENTAG! 
or STRENGTH oF THE ConTROL 


Hrs. of 
incuba The Hium Chae VU vr Stew 
thon fa a coma lomiun thecaum pr uy 
97 10s 101 
6 101 ws 
9 95 107 99 95 
12 96 105 95 95 09 
15 Q7 106 on 100 
18 98 102 07 99 
21 97 101 78 98 
44 97 90 74 O48 10? 
27 90 81 71 
9% 78 71 7¢ 97 
33 73 65 7 
89 63 su 
42 SO 78 
$5 35 44 
is 79 53 44 77 
51 73 52 42 
54 73 4} 10 RS 
37 73 42 
60 OS 41 
63 39 37 
37 7 95 
ov 37 4] 44 
78 
90 
96 71 
102 49 
108 68 
114 65 
120 61 


period at which holes could be seen when the fiber 
was mounted in water. 

The number of holes increased slowly during the 
t8-hr. period, even when the fibers were treated with 
11% NaOH 
stage there was an increase in the number of holes 
\lso at this stage the 
appearance of the swelled fiber was different from 
that at the 24-hr 


ance of the single notch of a 24-hr 


However, beginning with the 48-hr 
at all concentrations of alkali 
stage. Figure 6 shows the appear 
nhber, whereas 
Figure 7 shows the badly disintegrated appearance 
of a 48-hr. fiber. In both cases the disintegrated re 
gions are highly localized. A few qualitative tests 
of the growth of Chaetominm glohosum on viscose 
rayon showed an entirely different pattern of attack 
on the surface of the filaments 

This localized action of molds such as Chactomimm 
globosum on cotton fibers tends to explain several 


paradoxes. First, the:great loss in strength of cotton 
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Fic. 6. Micrograph of a fiber which had been incubated for 24 hrs, with 
Chaetomium globosum and treated with NaOH. A single notch (alkali-soluble 1 


part of the fiber) can be seen 


Fic. 7 Micrograph of a fiber which had been incubated for 48 hrs. with Chae 
tomium globosum and treated with NaOH The fiber ts badly disintegrated. 
q 
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«Sensitive Regions 


NUMBER OF HOLES & NOTCHES 


HOURS OF 


INCUBATION 


in various concentrations of NaOH 


fabric with comparatively little loss in weight can be 
explaimed on the basis of the relatively small amount 


of cellulose which is removed from each fiber by 


microbiological action. This conclusion may be ques 
tioned, however, on the ground that notches and 
holes are not readily apparent until after treatment 
with alkali, at least during the early stages of incu 
bation. The following experiment was planned to 
test the validity of this hypothesis 


Cotton fabric strips, similar to those used in pre 


TABLE Revationsaie oF Growin or Chaelon 
globosum ON COTTON FIBERS TO SOLUBILITY IN VARIOUS 
CONCENTRATIONS OF SoptUM HypROXIDE, 
DreTERMINED BY THE NUMBER OF 
Norcues (ALKALI-SOLUBLI 


mm 


As 
HoLes AND 
REGIONS) OBSERVED 


\ver we neo ot hole 5 and note he s obse rved 
for 7 concentrations of alkali 


Hrs. of 0% 1% 3% 5% 7% 9% 11% 
incubation 

0 0 0 0 0 0 0 0 
12 0 0 0 0 0 1 ; 
244 1 1 1 1 2.8 2 4 
36 | 2 3 4 4.3 8 
48 23 3 5.2 16 8 91 12.2 
60 4.1 5 10.3 8.1 11.3 12.6 14.5 
72 7.8 8.5 11.3 13.2 14.8 19.7 31.5 


vious breaking-strength studies, were incubated with 
Chaetomium globosum for periods of 12, 24, 48, and 
72 hrs. For each time period there were 20 speci 
mens After each incubation period 10° strips in 
each group were conditioned and broken, and the 
NaOH for 30 min 
on a reciprocal shaker, and were then washed until 
After they 


In addition, 20 strips of. unmildewed con 


other 10 were treated with 11% 


conditioning also were 


free of alkah 
broken 
trol fabric were treated similarly 
Table IV. 


That there is no significant difference im breaking 


The results appear 
in 


strength between specimens which have been broken 
immediately after incubation with Chactomimm glo 
hosum and those which have been given an additional 
treatment with NaOH 
These data may be interpreted in the following man 
bserved 
fibers after treatment with alkali certainly 


the 


is shown im Table 


ner holes and notches o in mildewed 


con 


but 


tribute to loss in strength of these fibers, 
since there is no change in the strength of mildewed 
fibers with alkah, then the alkali 
soluble he the the loss 


strength even before the treatment with alkah 


alter treatment 


regions must cause of ot 


\ second paradox ts the fact that the cuprammo 


nium fluidity of mildewed cotton, as reported by 


various workers, does not change appreciably from 
value 


that of the origimal \ possible explanation 


for this is that only a small amount of cotton tiber 
is attacked by the molds 
The 


alkali-soluble cellulose 


ot native 
the 


the result 


conversion mito 


( ha fo 


cotton 
by 
be 


the 1,4-glucosidic linkages 


enzvines of 


minum globosum may of hydrolysis ot 
This is analogous to the 


commonly accepted theory that the degradation of cel 


degradation of cellulose by mineral acids is the 


lulosic materials by acids takes place by a progressive 


rABLE IN Errect Treatment 11% NaOH 
ON BREAKING STRENGTH OF Mitpewep Corton Duck 
Hrs. of 


Strength (%)* of 


fabric, no further 


incubation with Strength (%)* of 


Chactomium fabric, treatment 


osum treatment with 11% NaOH 
0 100 9S 
12 YS 102 
24 76 R3 
18 19 52 
72 43 40 


*Strength calculated 
ontrol fabric. 


as percentage of strength of 


mildewed « 


pe 
40 
30 4 
T% Ne OM 
re) 
10 
o 
° 2 ne 60 72 
} hic. 8. Relationship of mildew damage of cotton fibers ae 
aed 
4 
4 


the 
and | 19, p- 546], 


breakdown of As stated by Pigman 


" 
ubstances of mntermediate chain le ngtl (cellodextrins 


sre the primary hydrolysis products, but finally oli 


obtained 


gosac 
Mild hydrolytic 


Ilulose 


charides and glucose 


to 


are 
the 


conditions lead formation -of 

which has a diminished chain length, as is demonstrated 

by it Viscosity It is the 

{ material which dissolves in 8% 
} 


in chain length is als 


‘hydroce 


low detined as 


practi ally com 


sometimes 
NaOH 
in the 
After additional 
of high reducing 


clecrease 
refles ted 


hydrolysi 


power! 


of fiber stre neth 


lodextrins 


plete loss 
water-soluble ‘cel 


produced.’ 


are 


A possible explanation for the localized character 


os of the deterioration of the cotton fiber by Chaeto 


minum globosum has been suggested by the statement 
of Pigman [19, p. 559] that “Native cotton cellulose 


and wood are much more resistant to enzymic hy 


drolysis than are the degraded celluloses. Since the 
reaction 1s heterogeneous in character, it 1s possible 
that one of the main variables is the surface area or 
relative ce gree of crystallinity of the substrate.” 


Lhe 


ally 


only reference to alkali-solulnlity of nero 


found im the lit 


wae 


deteriorated cellulose 


s erature is in a paper by Bray | shows the 
| relationship between the solubility of decaved wood 
NaQH and their loss im weight 


pulps im 14 Fur 


thermore, the solubility of the pulps in hot water in 


creased as decay progressed. The loss in weight is 


&g clauned to be due to the production of gaseous mate 

3 rial and to the solubility of the pulp in water \lso, 

there is a definite relationship between the alkah 

4 solubility and the cellulose content of the pulps. In 

i this work Bray found that little or no lignin was 
attacked 

; Nodder [17] has developed a micromethod for 

a neasuring the extent to which a cellulosic material 

has been chemically or degraded 

4 nethod is based on the expermments of Birtwell, 

Clibbens, and Geake 1] on the solubility of moditied 

- cotton cellulose in caustic soda solutions. An essen 

fal tial part of the method is the pretreatment of the 

7 cellulosic fibers with 207 caustic soda for 6 hrs. under 

reflux. The object of this pretreatment is to remove 

noncellulosic impurities and “cellulose degradation 

| products soluble in boiling dilute caustic soda.” The 

> actual test requires the use of ION) caustic soda, 


which is reduced to 2V after 15 min This reaction 


ft occurs at 15°C, but may also be carned out at 20°¢ 


Nodder 


tween chemical damage and 


claims 


that this method distinguishes be 


nucrobiological damage 
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| 
because chemical damage gives a high solubility 1s 
number, whereas microbiological damage did not 
alter the solubility number of warp yarns which had | 
lost 60° of their strength. 

It is obvious that pretreatment of fibers with 2% ot 
caustic soda after the method of Nodder removes a. 
alkali-soluble cellulose, which may be present in an 
localized areas and in small amounts. The un 2 


changed solubility numbers of the microbiologically 
damaged fibers, as determined by Nodder, must cer- 
tainly have come from the undamaged portions of 
the fibers. This same criticism may be directed also 
to the work of Searle [23] on the viscosity in cu 
prammonium solution of microbiologically damaged 
cellulose fibers. He found that there was little or no 
change in viscosity as compared to that of the origi 


nal fibers 


> 


2, Utilization of Glucose by Chaetomium globosum 


The results obtained in Experiment 2 served as 
the stimulus for experiments in which the utilization 


of glucose by Chaetomium globosum was. studied. 


The explanation given in Experiment 2 for the mode 


of attack of cellulolytic enzyme ts similar to the classi- 
cal theory of the action of “cellulase” which ts given 
by Karrer ef al. [14] in a paper on lichenase. It 
is interesting to speculate on the end-product of this 
that 


he ltan luc ‘sul he 
glucose is tht ultimate product, resulting from the 


enzymic breakdown. Classical theory states 


breakdown of cellulose, which is required by the or- 


ganisms for their growth. Pmor to this work the - 
utilization of glucose as the sole source, of carbon ° 

by Chaetominum globosum had not been recorded, | 
Hutchinson and Clayton [11] reported that growth \ 

of Spirochaeta cytophaga, a bacterium, was inhibited ‘¢ 

by reducing sugars in the presence or absence of ba F 
cellulose. Such inhibition takes place even at a 

glucose concentration of 0.01% Maltose was in n 
hibitory at even lower concentrations, whereas arabi- at 
nose, fructose, and galactose were inhibitory at fee 


slightly higher concentrations. These results were 


later confirmed by other investigators, such as Dubos L 
|7|, Winogradsky [30], and Walker and Warren ra 
It was also shown that cellobiose was inhibi- 
tive to Spirochaeta cytophaga, and that of all the pit 


sugars tested glucose was the most toxic 

Fahraeus [8], in reviewing this work, makes the 
observation that determinations of the quantities of 
the sugars required to mbhibit growth of the organ- 
isms were never made. The statements by the vari 


ous authors were based solely on observations of the 


| 
| 
| 
| | 
| 
| 
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growths of organisms in tubes containing strips of 
filter paper and the respective sugars to be tested 
Fahraeus states that in 1941 he reported the utili 
zation of glucose and cellobiose by Spirechacta cyto 
phaga when low concentrations of the sugars were 
used. When glucose and cellulose are both present 
in the growth medium, the cellulose is not attacked 


Also, 


when glucose is added to a culture which is in the 


until most of the glucose has been consumed. 


process of breaking down cellulose, cellulolysis ceases 
until the excess gluc se is consumed. He concludes 
that “The checking of the decomposition process is 
more probably connected with the absence of any 
extracellular cellulase in the medium, which could 


When 
glucose enters the cells, no cellulase is required as 


carry on the cellulose decomposition process 


long as sufficient amounts of glucose are available. 
The cellulase is perhaps not formed again until the 
concentration of glucose sinks below a certain level, 
which seems to lie at about 0.1 percent.” 

Fahraeus concludes by saying that although it is 
possible that many organisms are specialized to the 
extent that they will utilize only cellulose, most of 
the cases mentioned in the literature should be 
reconsidered. 

Siu et al. [|25! in a recent paper report that glucose, 
mannose, and cellobiose give definite growth in a 
qualitative experiment. The incubation period was 
3 days and was carried out statically. No deserip- 
tion of the growth was given 

In unpublished work completed before the begin 
ning of this project it was reported that when Chas 
tomium globosum is grown on a_ standard liquid 
medium which contains cellulose as the source of 
carbon, giucose is found in the end-products if the 
growth medium is treated with glucolytic enzyme 
20] 


postulated the existence of two hydrolytic enzyme 


poison such as iodoacetic acid. Pringsheim 


systems, cellulase and cellobiase, the former produc 


ing cellohiose from cellulose and the latter hydro 
lyzing the disaccharide to glucose. By the addition 
of antiseptics the growth of the organisms in a 
vigorous thermophilic fermentation was inhibited and 
reducing substances accumulated. These were iden 
tified as cellobiose and glucose, although the identity 
of the cellobiose was questionable. Similar results 
may be obtained by raising the incubation tempera- 
ture to 40°C after the third day of incubation. De- 
terioration of cotton fibers appears to proceed in 


normal fashion 


79 

We may postulate that Chaetomium globosum pro- 
duces its effects on cotton by an enzyme, or enzymes 
(the cellulase of various authors [14, 20], secreted 
by the 


Organism as soon 


This 


growth medium, and if it fails to come m contact 


as the spores begin lo 


germinate enzyme diffuses through the 
with cellulose, the organism ceases to grow atter 
about 24 hrs. of germination. On the other hand, if 
cellulose is present the enzyme makes contact with it 
and cleavage begins at the 1,4 linkages. It is quite 
likely that the enzyme which does this is a complex 
enzyme system in which the action of the first enzyme 
serves to initiate the action of the second enzyme, 
and so on, until glucose is set free The glucose, 


being water-soluble, readily diffuses into the my 


celium and is immediately utilized by the organism 


for its energy requirements. In this process, pre 


sumably, phosphorylated glucolytic enzymes play 
their part. 

Norman and Fuller [18], in discussing the subject 
of biological decomposition of cellulose in general, 
state that “It is not known whether cellulose dextrins 
are produced in the enzymic attack on cellulose but 
there seems to be some indication that two types of 
hydrolytic systems may be concerned, one accom 
plishing the primary attack, perhaps breaking cross 
linkages or accomplishing substantial chain-shorten 
ing, 


hy¢crolysis of these fragments.” 


and the other bringing about the subsequent 


With regard to the statement concerning the pres 
ence of cellulose dextrins in mildewed cellulose, ref 
erence is made to Experiment 2, in which it is shown 
that the cellulose becomes increasingly alkal-soluble 
as incubation proceeds. Pigmian believes [19, p. 546] 
this is good evidence for the presence of cellulose 
dextrins 

Norman [18] goes on to say that the concept of 
the formation of cellobiose during the breakdown of 
cellulose has probably from with 


come analogy 


starch. When starch is attacked by microorganisms, 
Although the 
starch and cellulose differ, the 
that cellobiose is split off still 


Norman believes that the disaccharide grouping is 


the disaccharide maltose is split of 
chain structure of 
possibility exists 
emphasized in cellulose by the fact that each glucose 


ring is turned through 180° with respect to its 


neighbor. Finally, Pringsheim [20] claims to have 
demonstrated its production by microorganisms. It 
should be pointed out that this werk was done in 1912 

Norman considers it surprising that microorgan 


isms should have separate extracellular enzyme sys 
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FABLE \ (sLUCOSE BY 
um Disect INOCULATION WITH SPoREs 


TILIZATION OF Chactominurm 


Concentration of glucose 


in 4-salts medium 


Period required for compiet« 
utilization 


or 


(% 
1 
O04 2 
O44 6 
6.90 


2.64 M4 


ts easily soluble in water, and shou 


C ellobiose 


le to enter the cell without hydroly sis to 
lLiowever, Woodman and Stewart [31] found glicose 
in a thermophile cellulose fermentation that 
heen checked by 


hated at 37°C instead of 65° ¢ 


the addition of toluene and 
but no cellobtose was 
detected 


113] 


other hand, 


Sinular res were obtamed by 


with mesophile cellulose organisms, On the 


Simnola | 24], working with 2 aerobic, 


tte hacih, found both hucose and celobtose 


treated culture 


toluene 


Possible 


support tor the view that the utilizatio 


within the mycelial walls is gained from 


Gt Is 


with extracts from Chaetomium globosun 


Tirrucatia 


Although these 


do not break down native cellulose as it exists 


j cotton, they do break down degraded celluloses 
neh as ball-milled cotton, cellophane, and viscose 
rayvor his breakdown is measured by the aceurnu 
latiort glucose im the extract-cellulose mixture 
Inasmuch as glucose builds up in the mixture, pre 
umably there are no vlucose le grading 
present in this extract 


much as glucose appears to be the car 


compound which is utihzed within the cell walls of 


win 


sam, a medium which contat 


the the 
Standards 


C hacto 


ideal growth mixture for 


the 


attempts to grow 


Hlowever, at Bureau of 


and other laboratories all 


oon glucose war of glucose-broth 
inedia produced only germination of the spores and 


no further growth However, incubation on a 
shaker in this laboratory produced excellent, al 
though atvpical, growth and utilization of glucose 


Phe 4-salts medium previously deserthed was used 


with concentrations of glucose varying trom 0.01 


Incubation was carnmed on in Erlenmever 


Hasks. Each flask and its contents were sterilized 
ind when cool the spec ens were moculated with 
1 ml The flasks were 

i 
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TABLE VI UTmizaTion oF GLUCcose BY Chaectomium 


globosum Arter 90% PREGERMINATION OF SPORES 


Concentration of glucose Period required tor complete 


in 4-salts medium uttlization 


days 
0.66 & 
1.66 14 
? y? 


incubated on a reciprocating shaker at 8O eveles 


per min. The temperature was not contr Hed and 


varied from 22°C to 28°¢ Growth was evident 


and in reased, 


for each concentration, 
These 


submerged cultures showed no evidence of any but 


within 24 hrs 


up to the 


complete utilization of glucose. 


mycelial growth. This growth is unusual because 


MACTOSCOPICalls the growth substance consists of 


cream-colored globules which are from 4 in 


to } in. in diameter and appear to be pertect spheres 
Under microscopic examination each globule is seen 
the 


are approximately 10 spores or spore 


to consist of a network of mycelial fibers in 


h 


to determine whether the spores in the 
hules were viable or whether they were 
the remains ot 


germinated spores, a quantity of my 


globules was used as the inoculum for seeding 


vetomium 


7 
Ay 
| 
1), 
our Work 
> 
| 
TIME - DAYS 
Fic Rat fon f glucose by 
| vlobosu Sce Table 1.) | 


Frervary, 1950 


4-salts medium containing cotton which had been 
ground ina Wiley mill. The cultures were incubated 
on a shaker at 80 cycles per min. and were examined 
daily for 10 days. It was found that the balls of 
mycelium had not grown any more and that the 
entrapped spores had not germinated Microscopic 
examination of the cotton, by the use of alkali, re 
vealed no evidence of microbiological deterioration 

It may be concluded, then, that these entrapped 
spores are not viable; however, it is of interest to 
note that the mycelium which normally digests cel 
lulose has apparently lost the power to do so after 
growth on glucose 
that of Marsh et al. [16] 
authors state that “Tests of Chactomium globosum, 


USDA 1042.4, after twelve successive transfers on a 


This observation is contrary to 


In a recent paper these 


high-sugar medium failed to mndicate.that this treat 


ment had brought about any measurable loss of 
cellulolytic activity 

Marsh's cultures differed from ours in that they 
were on solid media and may have contained other 
carbohydrates than sugars. We have not been able 
to obtain growth bevond the sporulation stage when 


glucose ts the carbon source in solid medium. Bright 


ULTURE MEDIUM 


—E REMAINING IN C 


GLUCO 


Fic. 10 Rate of uti 


ication of glucose by Chaetomium 


: 
globosum after pregermination of spores 


et ai | 3] report that when Chactomium is grown 
upon starch it fails to produce spores, although there 
is a growth of mycelium 

The utilization of glucose by Chaetomium globo 
sum, as estimated by the Somogyi method [26], is 
Table \ 


It is of interest to note that the curve of 


given in These results are plotted in 
Figure 9 
glucose utilization for 2.04% glucose 


to the pome\ where it reaches 


is steep r up 
residual glucose 
concentration than the curve of the 0.9% concentra 
tion is at its start. A similar change in slope also is 
observed for each of the lower concentrations as the 
percentage of glucose remaining ts reduced and he 
comes equal to the next lower concentration This 
shows an initial lag phase which may correspond to 
the period of germination 

In order to test this hypothe sis the above experi 
ment was repeated in a modified manner, Culture 


flasks were prepared with 4-salts medium, without 
glucose, and were moculated with Chaetomium gli 

hosun The flasks were shaken at 8O cycles per min 
for 24 hrs., after which germination wis observed to 
he 90°F complete At that time sterile glucose was 


added: to each flask in order to give a range of con 
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Fic. 11. Comparison of rates of utilisation of glucoss 
and cellohbiose by Chaetomium globosum. 
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centrations similar to those used in the preceding 
experiment 

Che utilization of glucose, as estimated by the 
Somogyt method, is given in Table VI. These re 
sults are plotted in Figure 10. It can be seen that 
the utilization of glucose by Chaetomium globosum 
during the first 24 hrs. is much greater for each 
This tends 


to confirm the hypothesis that the lag phase in the 


concentration than on succeeding days 


preceding experiment corresponds to the period of 
germination However, although the pregermina 
tion of the spores causes them to utilize glucose at 
a faster rate, the time required for complete con 


sumption of glucose remains approximately the same 


ompartson of Cellobiose and Glucose as Carbon 


Sources for Chaetomium globosum 


In pursuance of a plan to study the components 
of cellulose in a series of ascending complexity, celio 
biose was investigated as a carbon source for Chae 
tomimm globosum 

Preliminary experiments showed that growth ob 
tained with cellobiose is simular to growth obtained 
with glucose Pherefore, an experiment was pre 
pared in which a range of concentrations of cello 
biose in 4-salts medium was used as the growth 
medium for Chaectomium globosum \ range of 
concentrations of glucose was used as a control for 
comparison. The moculated specimens were meu 
bated together on a shaker at SO cycles per min 
The incubation temperature varied from 22°C to 
Residual glucose and cellobiose were esti 
mated by the Somogyi method 

The results of this experiment. are plotted in 


Figure 11 The curves for glucose utilization are 
t 


similar to those reported in the preceding experi 
tnent (see Figure Hlowever, the curves for 
cellohiose are steeper, and m the case of the lowest 


concentration (1.28! the time of complete utihza 


tion is 7 days, as compared to 9 davs tor complete 
utilization of O45 glucose The curves for the 
higher concentrations of cellobiose have tended to 
flatten off after the 1Oth dav of meuhation, which 
may indicate a slowing down due to the accumula 
tion of growth products 

On the assumption that glucose ts the end-product 
which is required by the mycelium, it seems difficult 
to explain why cellobiose should be utilized at a 
faster rate than glucose 

Although the growth product of glucose cultures 


has been demonstrated to be lacking in cellulolyty 


‘from Stu's work {22 
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power, a similar experiment with cellobiose has not 
been performed. Such an experiment would be ex- 
tremely interesting because in cellobiose we have the 
smallest analogue of the cellulose molecule which 
contains the 14 linkage As Norman and Fuller 
[IS] suggest, it is possible that cellobiose could be 
How- 


ever, if it must first be split into 2 glucose molecules, 


absorbed intact through the mycelial walls 


then the enzyme which breaks the 1,4 linkage may 
possibly be the same as the one which breaks down 


degraded cellulose to glucose 


5. Enceyme Studies 


In order to test the hypothesis that the cellulolytic 
enzyme is an exoenzyme, various extracts from the 
growth of Chaetomium globoswm on cellulose and on 
glucose have been used as substrates for various types 
of cellulose. An extract from Myrothecium verru 
carta, supplied by Dr. Ralph Siu, has been used for 
comparison 

The test for cellulolytic activity has been adapted 
Chaetomium globosum was 
grown on Wiley-milled, dewaxed cotton for 10 days 
ina shake-culture. The clear vellow growth products 
were filtered through a fritted-glass filter and then 
refiltered through a Berkefeld filter, To 5 ml. of 
this solution in a 125-ml. flask were added 5 ml. of 
O0.05\ phosphate buffer (pH 5.0) and 100 mg. of 
dewaxed cotton which had been pulverized in a ball 
mill for 24 hrs. Five drops of toluene were added to 
prevent the growth of microorganisms. Incubation 
was at 30°C for 4 days. At the end of this period 
the mixture was filtered, and the quantity of reducing 
sugar was determined by the Somogyi |26] method. 
Identity of the reducing sugar was determined by 
preparing the osazone 

In addition to ball-milled, dewaxed cotton, ground 
cellophane and dewaxed native cotton fibers were 


] (See Table VIL.) 


also used as substrates 


TABLE VIL Hyprotysts of Vartous 
CeLLULOsIC Surstrates, Usinc Extracts 
FROM Chaetomium globosum AND 
Vvrothecium verrucaria 
Percent activity® of 
extract trom: 
Chaetomium yrothec tum 
Cellulosic substrate elobosum verrucarta 
Ball-milled cotton 11.4 14.2 
Ground cellophane 11.0 90 
Native cotton 0 0 


\ctivity refers to the quantity of glucose formed in 4 days, 


expressed is percent ot the cellulosic substrate. 
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The Chaectomium g ol extract was not con 


centrated before use and therefore represents a very 
The M yrothectum 


was marked as being 12° active 


verrucaria extract 
In a letter, Dr 
active prepara 


crude extract 


Siu indicates that this is not a very 


tion “but is about average.” 


In a paper entitled “A Cellulolytic Enzyme Prep 


aration from Myrothecium wverrucaria,” Saunders, 


Sin 


>>) 


and Genest |22] state: 


‘Cellulolytic enzyme preparations active against vari 


ous forms of cellulose have been reported by a number 


of investigators who have used a variety ot different 


urces Fungi which have been emploved tor the prep 
aration of such extracts are Sporotri hum carnis Isper 
gillus oryzae Verulins lachrymans, and Coniophera 


cercebella, and bacteria used have included Bacterium 


protosoides, Bacterium bosporum, Cellulobacilus myx 


Plectridium cellulolyti 


ylophaga, and 


genes, Cellulobacillus mucosus, 


cum, several species of ¢ various therm 
In addition 


} 


philic, cellulose-decomposing bacteria 


cellulolytic extracts have been prepared from the tn 
tinal juice of the snail Helix pomatia, from green mal 
and trom the protozoan Eudiplodinium neglectum 
Although the data pre 


wivestigators are 


was isolated from cattle 
these 


rumiet 


sented by several of certainly 


suggestive of true cellulolvtic enzyme activity, neverthe 


lusively cs 
} 
Chis 


workers in general have not con 
tablished the cell 


is oT conside 


less these 


free nature of their preparations 


view of the faih 


llulolytic enzy 


rable importance in 
obtain cell 
fungi 
ibilitv of bacterial or fun 


other investigators te free ct 
matic prey 


as to the poss 


arations trom Questions were rarsed 


le 
val contamimnatio 


during the period (usually several days or more) ot 
x 


for cellulolytic activity.” 


The paper quoted above describes the pre paration 


1 


and some properties of a cell-free cellulolytic enzyme 


from Myrothectum verrucaria. The object of the 


present experiment Was to carry out similar studies 


with extracts of Chaectomium 


that 


osum 


From the results it the unconcen 


trated 


appears 
Chactomium globosum extract 1s about as 
active as the Wyrothecium verrucaria extract. 
Neither of the extracts is capable of causing break 
down of native cotton fibers, as measured by glucose 
formation. However, the possibility that a localized 
attack is made on some of the fibers should be inves 
these fibers to 


tigated by studying the reaction of 


caustic soda. If localized attack does take place, the 
quantity of glucose which would be elaborated might 
be too small for even the Somogyi test to detect. 

As mentioned previously, a yellow extract was 
obtained from the growth of Chaetomiuan globosum 
on glucose. This extract has been tested for cellulo 


lytic activity with ball-milled cotton, ground cello 


phane, and dewaxed native cotton fibers. There was 


no evidence of cel 


lose breakdown, as measured by 
nerease in reducing sugar 
This 


ct tke 


should be 


It would be inter 


latter « \periment repeate d with 
as the carbon source 
learn whether or not the presence of a 1,4 


the 


esting t 


linkage stiunulates secretion of cellulolytic en 


Infrared Studies 


In order to make use of the newer techniques ot 


analysis im the study of the mechanism of cellule 


infrared analysis was carned out im collabora 
John W. Rowen [21] at the National 
Bureau of Standards. Since his apparatus requires 
the had 


obtained data on the infrared transmission of regen 


these 


lysis, 


tion with Dr 


use of thin films, and because he already 


erated cellulose films, were used as substrates 


for Chaetomium globosum and for cellulolytic en 

Inasmuch as infrared spectroscopy has shown the 
such as 


felt 


presence of individual groups in a molecule 


CO, OH, COOH groups, and others—it was 


that this method of analysis might give a clue as to 
the 


mechanism of deterioration. Because of difficul 


ties encountered in the study of the end-products of 
was felt that if the orga: 


ism changes the structure of 


Chactominum globosum, it 
the cellulose upon which 
it feeds, the transmission characteristics of the cellu 
lose might he changed 

\ film of regenerated cellulose was divided in half, 
The other half was 
\fter 


the film was carefully 


one halt bemg used as a control 
used as a substrate for Chaetomium glob 


12 hrs. of 


osum 
incubation at 28° ¢ 


removed from the agar plate, washed free of growth, 


and dried Incidentally, specimens of regenerated 
filma which were incubated for longer than 12 hrs 
vere too badly deteriorated to be harvested in one 
piece 


The results show that the characteristic absorption 
bands of cellulose appear im both the mildewed speci 
men and the control, except that the percentage trans 
mission of the mildewed film is greater than that of 
the 


from to and from 10.4 » to 12.2 p» 


control, with several exceptions in the region of 
The above experiment was repeated with thicker 
films to determine whether the exceptions were re 


producible. In this experiment additional films were 


used. Two specimens were incubated with Chaeto 
mium globosum. One was washed after incubation, 


and the other was immediately dried without wash 


raat 
— 
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ing. Also, a specunen was treated with VW yrothectum 
verrucaria extract for 4 days 

The results show that the difference in transmis 
sion appears to result from the loss in thickness of 
It is interesting to note that the enzyme 
treated specamen had the highest percent transmis 
ston The exceptions noted in the first experiment 
were not reproduced in this experiment 
line with what we 


These results are quite in 


know. Ifthe organisms during their growth 
create soluble products from the cellulose, then they 


leave nothing but unreacted cellulose 


Cellulose and Sugar Derwatives as Carbon 


Sources for Chaetomium globosun 


Cellulose acetate has previously been known to be 


resistant to cellulolytie molds |, 27, 28 | 
cause of our success in growing Chactomiuan globo 


sum a glucose substrate in shake-culture, it was 


decided to study cellulose acetate as a substrate for 


Chactomium globosum wm shake-culture For this 


experiment cellulose acetate flake 
The 


grinding ina Wiley mill and also by pulverizing im a 


anel partially meety 


vere pre pared hy 


used | 


lated cotton were 
ball mull for 24 hrs 
Phese 


ton as 


materials, tovether with Wiev-mulled cot 


a control, were incubated with Chactomium 


ly 


im 4-salts medium: on a reciprocating shaket 


\tter 


ore wth Wiis observed the celinlose 


at SO cycles per min 10 davs of meubation 


wcetate of 


partia lv acetylated cotton cuctures, although excel 


lent growth was obtamed on the cotton controls 


11..1 


lf the resistance to cellulolysis of cellulose acetate 


is based on ats “erystallinity,” itis difficult to under 
ball-milled 


cially ball-milled partially acetylated cotton should be 


tand why cellulose acetate and Csp 


oO resistant to mold growth. On the other hand, 1 


resistance 1s due to acetvlation, itis dithcult to es 


ly acetylated cel 


plain the resistance of partial ulose o1 
we tvlated cellulose 


The preceding experiment has led to the 


the same basis as that of fully 
study of 


acetylated analogues of cellulose 


Because cellobiose octacetate was available, as tl 


result of preparation in our laboratory by a student, 
it was stuched first Surprisingly, this compound 
pave a onl growth ot ¢ } ou it 
shake-culture is did cellobrose, which was used s 
i control Repeating this work Wo of cellobiose 


were prepared, 


prepared, with cellobiose 


making up concentrations ct ose 
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was found that the solubility of the compound was so 
low that it was pointless to prepare a graded series of 
concentrations as in the case of glucose or cellobiose 
Therefore, all 10 of the samples were made up to 1% 


concentration by weight \gain, excellent growth of 


Chactomium globosum was noted. Growth was per 


mitted to go on for 3 wks., during which time it was 
noted that the quantity of undissolved cellobiose oct- 


acetate decreased, until at the end of 3 wks. practi 


cally no undissolved material, except for the myce 


lium of Chaetomium glohosum, was present in the 


flasks 


cellobiose octacetate 


Finally, a sample of from 


kastman Kodak was tested in the same manner as 


in the preceding experiment, and similar growth 


was noted 


The above experiments have been repeated with 


glucose pentacetate, obtained from Eastman Kodak, 


with glucose as a control, Again, growth of Chaeto 


osum was noted 
the undissolved glucose pentacetate went into solu- 


thon The 


minum glol \s growth proceeded, 


fact that in the case of glucose pentacetate 
and cellobiose octacetate the undissolved portion dis 


as even 


growth took place indicates that 
though there may have been impurities present the 


1 


must have derived most of its nourtsh 


organism 


ment from the sugar acetates 


It is interesting to consider the possible mecha 


nisms by which Chaet globosum utilizes the 2 


war acetates Phe fact that these compounds are 


relative ly msoluble should ret he considered to pre 


clude the possibility that Chactomtm globosum does 


yrow upon them. It should not be forgotten that 


cellulose itself is even more msoluble than the sugar 
cetate 


assume that the organisms first hydrolyze 


off the acetyl groups and then utthze the liberated 
wose or cellobtose, as the case may be, then it 
becomes ditheult to explain why they fail to do so 
the case of cellulose acetate and of partially acety 
appears that acetylation does 


ot conter nuldew-resistant properties upon cellulose 


degradation products. On the other hand, if ball 
THAD py can be said to alter the “erystallinitv” of 
elHulose wetate ind if, as we have shown, hall 


nittled cellulose acetate resists Chactomium globosum, 


it must be admitted that we have not vet determined 


llulose acetate resists 


which ct 


the mechanism by 
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TABLE VILL. Carsonyorates AND Various OTHerR 
MATERIALS APPARENTLY BY Chactomium 
lobosum SHAKE-CULTURES 


Substrate* 


l- \rabin me 
d X\ 


Growth of Chaetomium globo 


un 


Heavy growth of mvcelial balls 

Verv heavy mvcelial growth in the form of a 
gelatinous mat 

Moderate fibrous growth 

Heavy growth of mvcelial balls 

Heavy growth of mycelial balls 

Heavy growth of mvcelial felt and few very 


l-Rhamnose 
d-Fructose 
d-Galactos 
d- Mannose 

large mvycehal balls 
Mal tose 
Suc rom 


d ac tom 


Very heavy growth of mycelial balls 
il balls 


Heavy growth of mvycelial balls and fr 


Heavy growth of mvceli 


ments 
Moderate growth of 
mycelial felt 


Raftinos mycelial balls and 


Heavy growth of mycelial mat 
No growth 


a 
Pyruvic acid 
Acetic acid 

Oxidized cellu 


Moderate growth of mycelial mat 
Sometimes a heavy growth of mycelial mat 


lose (poly 


Heavy growth of mycelial mat 


Very heavy growth of mycelial mat 


It was after completion of these ¢ xperiments that 
the recent paper by Siu ef a/, [25] came to our atten 
tion. In this paper is reported the fact that cello 
hiose octacetate and glucose pentacetate do not sup 
port the growth of various molds, including Chaeto 


minum globosum. Communication with Dr. Ralph 
Siu has elucidated the fact that these cultures were 
incubated statically, which may account for the dif 
Hlowever, Siu et al. 


ference in results report that 


under the same -conditions glucose, mannose, and 


cellobiose do support a definite growth, although no 
indication is given as to the method of observation 


or the nature of the growth substance 


Other Sugars and 
Sources 


Carbohydrates as Carbon 


Chaetomium globosum 


Because it has been possible to grow Chaectominum 


sum on substrates other than cellulose by using 


shake-cultures, the possibility of growing this or 


1 1 sugars and 


wanisn 
vanism on 


other carbohydrates was 


stigated 


Fahraeus [|S], in a review of the influence of 


carbohydrates on cellulose decomposition, 


concludes that most authors found reducing sugars 


soluble 


to be inhibitive to the growth of the various orgat 


isms which were used, and that thev have thus 


85 


} 


assumed that cellulose is the only utihzable source 


ot carbon 

Fahraeus studied various sugars as carbon sources 
both in the presence and in the absence of cellulose, 
He found that when glucose was present in the 
medium with cellulose it was used preferentially, and 
cellulose was not broken down appreciably until prac 


tically all of the glucose was exhausted. This was 


also true when cellobiose and mannose replaced glu 


cose. He states: “Regarding other sugars it seems, 


however, probable that they are not able to support 


growth of Cytophaga. In any case, the sugars in 


question are not greatly preterred to cellulose.” 


As stated previously, Siu ef al 25 
} 


obtaimed 


growth in static culture with glucose, mannose, cello 
biose, and methyl-8-/)-glucoside 
The object 


whether ( 


of this experiment was to determine 
hactomium globosum can grow on carbon 
sources other than cellulose, glucose, and cellobiose. 
If the organism can be made to grow on a large 
number of substances having some common contigu 
ration, additional knowledge of the mode ol action 
of cellulolysis may be gained. On the other hand, 
it should be understood that organisms are capable ot 
secreting a variety of enzymes, depending upon the 
composition of the substrate Therefore, wherever 
growth is noted the possibility must be considered 
llulolytic enzymes are used to digest non 

It is obvious that much work remains to be done 
in this field 


showmy that 


that nonce 


cellulosic substrates 


Llowever, a start has been made by 


Chactomium alobosum 


variety Of sugars, carbohvarate Ss, al d even the fatty 


acids of castor onl 


Summary 


The results obtained in these experiments include 
1. Determination was made of loss of tensile 
strength of cotton duck during the first 72 hrs. of 


Thielavia 
Stem sp.. Chaetomium 


incubation using 5 cellulolytic organisms 


sp... Humicola sp., 
and Myrothectum verrucaria 

2. A study of mildewed fibers in dilute alkali, sug 

gested by Clegy’s Congo red test | 4|, has shown the 

molds and 


the production of alkali-soluble material in the areas 


localized nature of attack by cellulolytis 


\s the attack proceeds, the cellulose hecomes soluble 


Wn decreasing concentrations of alkali and finally 


hecorme solubic in water 
3. In an 


ikalt-soluble regions by infrared absorption, changes 


attempt to 


identify the material in the 


| 
4 
| 
A 
a 
4 
q 
curonic acid 
Inositol 
x carbohydrate 
*O.5 g. in 50 ml. of 4-salis medium, except with castor oil ce" 
Ba. 
ie 
- 
| 
a4 
Bile: 


in cellulose films after partial digestion by Chaeto 


sum were studied by infrared absorption 


In Cooperation with Dr John W Rowen at the 


National Bureau of Standards. No significant et 
fects were found other than reduction im thickness 
of the films 

$. The following indirect methods for the identi 
heation of cellulose decomposition products were 


used 


(a) Study of the action of cellulolytic molds on 
sugars and sugar derivatives. Chaetomien 

globosum is capable of utilizing a wide variety 

of sugars, especially in shake-cultures 

Pesting of cellulose derivatives such 

lose acetate, partially acetylated cellulose, cel 

lobiose octacetate, and glucose pentacetate 

Although no growth ts obtained with cellulose 

acetate of partially acetylated cellulose, 

when the fibers are ball-milled, es 


growth of Chaefomimm globosum is obtained 


1 


with cellobiose octacetate and glucose pentace 


tate in shake-cultures 


5. Enzyme extracts from Chaetomium globosum 
obt ned it} this laboratory, digt st degraded torms ot 

lulose but not mative cotton tibers These results 
are similar to results with othect i verrucarta 
obtained by R. HH Philadelphia 
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The Relaxation of Stress in Wool Fibers 


Sidney M. Katz* and Arthur V. Tobolskyt 


Contribution of The Textile Foundation and Frick Chemical Laboratory, 


Princeton University, Princeton, New Jersey 


Abstract 


A study of the decay of tension of Columbia 56's wool fibers maintained at constant tem 
perature and extension has been carried out in water, in solutions of sodium bisulfite of various 


concentrations, and in neutral salt solutions 


The experimental results obtained in water are similar although not identical to the results 


previously found by Speakman and Shah for human hair 


The rapid stress decay of stretched 


wool which occurs when sodium bisulfite is added appears to be due to a chemical reaction 


involving the cystine linkages 
sufficiently high concentrations 


The rate becomes independent of bisulfite concentration at 
A much slower but unexpectedly large stress decay occurs im 


the presence of neutral salts such as sodium chloride 


Introduction 


Under certain conditions, the process of stress 
relaxation in cross-linked elastic systems has been 
attributed to the breaking of primary bonds followed 
by molecular rearrangement. In hydrocarbon rub 
bers, stress relaxation at high temperatures has been 
related to the oxidative scission of the bonds making 
up the three-dimensional network [5, 6]; whereas 
polysulfide rubbers have been shown to relax as a 
result of a metathetic process which involves disulfide 
linkages and sulfhydryl or other groups {1, 4| 

In keratin fibers, the breakdown of cross-linkages 
between the polypeptide chains followed by molecu 
lar rearrangement has been proposed to account for 
stress relaxation [3]. The cross-bonds present in 
keratin fibers include linkages due to van der Waals’ 
forces, hydre wen bonds, electrostatic salt bonds, and, 
most important, the covalent disulfide linkages of the 
cystine units 

The process of stress decay at constant extension 
is accelerated by increased relative humidity, fiber 
extension, and temperature, as Speakman and_ his 
coworkers have shown [2, 3]. These same authors 
observed that pretreatment of the fiber with chemical 
reagents which cause breakdown of the disulfide bond 
will increase the rate of the relaxation process, while 
those reagents which stabilize the disulfide bond or 
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cause reduced swelling m water will decrease the 
relaxation rate 

Although chemical pretreatment will cause a 
change in the relaxation rate, the resultant process 
is a complex combination of the normal relaxation 
which occurs whenever the fiber is elongated and 
the additional effects due to the chemical attack. It 
was thought that the effect of the chemical reagent 
could be better isolated by elongating the wool fiber 
in water and allowing it to relax until the rate be 
comes relatively slow on a linear time plot, at which 
time the reagent could be added and the kinetics of 
the reaction could be studied by the additional relaxa 
tion produced.* 

In this paper, the results of a study of the relaxa 
tion of wool produced by sodium bisulfite and neutral 
salt solutions are presented. In addition, the normal 
relaxation in water as a function of temperature and 
elongation and the effect of pretreatment with sodium 


bisulfite solutions are considered 


Description of Apparatus and Experimental 
Procedure 


The apparatus used for this series of experiments 
was a modified form of the relaxation balance used 
by Tobolsky, Prettyman, and Dillon [6] for the study 


of rubber. A photograph of the relaxometer is shown 


in Figure 1 and a schematic diagram in Figure 2 

* Shortly before the completion of the work described i1 
this paper, it was learned that Dr. Harold Lundgren, of the 
Western Region: 


essentially identical procedure 


al Research Laboratory, had developed an 
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Phe tension of the elongated tiber was measured 
This bal 


which ts 


by a Sargent triple-beam balance, S-3435 
ance has a sensitivity of less than 10 mg., 
sufficient for the present purposes, is very stable to 
shocks, and damps out its oseilatrions rapidly. “The 
ratio of beam lengths is about 3.5 to 1, and by plac 
ing stops on the end of the long arm the fiber length 
was maintained constant to within 0.56 mm 

The tiber was mounted in two small clamps, each 


made of two brass strips which were held tightly 


together by two small screws. The upper clamp was 


less steel wire with 


soldered to a length of j4y-im. stam 
a hook at the other end for attachment to the balance, 
whale the lower clamp Was attac hed toa lead viinder 
snugly into a double 


hed 100 ¢., 


tenston 


which was machined to fit 
jacketed glass tube Phe lead eviinder weig 
which was much more than the 
encountered in the experiments, thus imsuring that 
the weight was never lifted from the bottom of the 


tube by the tiber tension The clamps, lead werght, 


TEXTILE ReseaRCH JOURNAL 


‘ 


Fic. 1. Photograph of relaxometer and temperature bath. 


and steel wire were silver-plated to minimize corro 
sion by the various solutions used 

Phe jacketed tube was cemented into a Plexiglas 
block rigidly fastened into a Textolite base which im 
turn was attached to a movable platform. llonga 
tion of the fiber was controlled by a threaded column, 
which, when rotated, raised or lowered the platiorm, 
Phe motion of the platform was measured by means 
ot vernmier calipers The scale of the calipers Was 
mounted on the base of the relaxometer and perpen 
dicular to it—that is, in the direction of motion of 
the 


tached to the movable platiorm and moved with it 


lattorm 


while the vernier was securely at 


Temperature control was attained by circulating 
water from a constant-temperature bath through the 
outer jacket of the glass tube. The temperature im 
the inner evlinder was determined by means of an 
\nschutz thermometer which was suspended inside 
his) therrmometer 


0.2°¢ 


was graduated in 


and could he read to 0.1 by the use of a 


~~ 


intervals of 
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r— | 
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Fic. 2. Schematic diagram of relaxometes A—Bal 
ance beam. B—Beam motion stops. C—l pper fiber 
clamp. D-—Lower fiber clamp and weight. FE—Doubl 
jacketed glass tube. F—Plexiglas block. G—Textolit 
base. H—Movable platform. L—l'ernier calipers 
M—Threaded column 


magnifying glass. During the course of an experi 
ment, the temperature was found to remain constant 
0.1 


In order to minimize the errors involved in meas 


within this limit of 


uring the length of the fibers and maintaining con 
stant the 
fibers of 


length duri course of an 


experiment, 


\ll 


corrected for the buoy 


90-mm. length or longer were used 


tension measurements were 
ancy of the steel wire attachéd to the upper clany 


During the time when the rate of relaxation was 


Ano 


C 600 MIN 
Fic. 3A. Relaxation of 10 different fib 


Linear 


+ extension and 50°C 


very rapid, tension readings were taken by setting 


the balance at a value below the fiber tension and 
noting the time at which the beam went through the 
relaxation had be 


balance point. After the rate of 


come slower, readings were taken by bringing the 


beam to balance at definite time mtervals 


Before extension, the tibers were soaked in water 
overnight to allow the regain to approach equilibrium 

The work in this paper was all carried out on 
Columbia wool, 56's grade, cleaned by extraction in 


ether, followed by washing in running water 


Experimental Results and Discussion 


\ nuecroscopic examination of several of the Co 


lumbia wool fibers showed a great degree of non 


uniformity in the individual fibers. In 


the di 


some Cases 


ameter of a single fiber varied by as much as 


100% along the length of the fiber. In view of this 


nonuniformity, the following results are given im 


terms of tension, the total retractive force exerted by 
the fiber, rather than in terms of stress, the force pet 
unit cross-sectional area 


With such a large intra-fiber variability, it is not 


surprising to find a large inter-fiber variability as 
well. Two apparently identical fibers taken trom 


the same staple and elongated under seemingly iden 
tical conditions to the same extension very often had 
widely different tensions at equivalent times. leven 
in the case of ( otswold wool, which 1s noted for its 
uniformity, a large variability in the relaxation be 
t hbers has 


the 


havior ot dittere heen observed [2] In 


this latter case, rate of relaxation was measured 


by the halt-tension time For the present purposes, 


the half-tension time was not used as a measure of 
> 
| 
Hay 
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‘ 
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10 MIN 100 ‘000 
Fic. 3B: Relaration of 10 different fibers in water at 
15% extension and 50°( Lovarithmic time scali 
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TABLE Retaxarion in Water 

No. of fibers Range of f, 

uperature Elongation studied values 

(4 
5 5 1.39-1.95 
30 15 3.41 
25 2 240-4,20 

5 $49 
15 10 1.47-3.45 
SO 25 2 2.47-3.6) 
70 15 ; 0.75-1.07 
15 ; 0.62-1.10 


relaxation, since it would have required excessively 
long time periods to determine this quantity at the 
lower temperatures. It was found, however, that 
the use of relative tension, {/f,, where {, is the tension 
of the fiber at some reference time /,, gave a good 
degree of tiber-to-fiber reproducibility. Some indi 
cation of the reproducibility attained by the method 
is shown in Figure 3 (A and B), in which the relaxa 
tion in water at 50°C and 15% extension of 10 dif 
ferent fibers is presented in a plot of f/f; versus linear 
and logarithmic time, respectively, where {, is. the 
tension | hr. after stretching. In Figure 3, a great 
many ot the experimental points for different fibers 
he so close together that it is impossible to show 
tuem all. The points which are shown are repre 
sentative of the maximum deviations obtained from 
experiment to experiment 


Relavation in Water 


The relaxation of Columbia wool when elongated 
in water was studied as a function of temperature and 
percentage elongation In Table | are listed the 
temperature and elongation for each set of experi 
ments, the number of fibers studied under each set 
of conditions, and the range of f,; values observed 

(ualitatively, the relaxation behavior of Columbia 
wool is similar to that observed by Speakman and 
his coworkers | 2, 3] for Cotswold wool and human 
hair. When plotted against logarithmic time, the 
relaxation curve ts slightly concave to the time axis 
at 30°C, practically a straight line at 50°C, and con 


vex to the time axis at 70°C and SO ¢ At the 


higher temperatures, however, the initial portions of 
the curves are almost linear, and the departure from 
linearity at later times may be caused by the fact that 
relaxation at these temperatures is so rapid that the 


tension approaches an asymptotic value ina relatively 


short time 
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PABLE Il. RELAXATION IN WaTER 
or k IN Equation f/f, = A — kint 


lemperature Percentage elongation: 


Cc 5% 158% 25% 
0.029 0.063 0.071 
30 0.072 0.106 0.106 
70 0.334 
80 


If this is so, then the initial relaxation of the fibers 
may be approximately fitted by the equation 


i/f,; => A—kint, (1 


and the values of & will indicate the effect of tem- 
perature and elongation on the relaxation rate. 

In Table I] the average values of & tor each set of 
conditions are given. From this tabulation we may 
conclude that an increase in the temperature will 
cause an increased relaxation rate, but that the mag- 
nitude of this increase diminishes as the extension ts 
increased. Similarly, an increase in the extension 
will cause an increased rate of relaxation, but to a 
lesser extent at higher extensions and temperatures. 

Although the measurement of the slopes enables a 
quantitative determination of the effect of tempera- 
ture and extension on the relaxation rate, the results 
apply only to the initial stage of the process, A 
qualitative comparison of the over-all process 1s fur 
nished by plotting on one figure the average relaxa 
tion results for different temperatures at one exten- 
sion or for different extensions at one temperature 
One such plot is shown in Figure 4, where the aver- 
aged relaxation results at 1507 elongation and 30°C, 
50°C, 70°C, and 80°C are plotted This plot indi 
cates the same general effect of temperature and 
extension which is shown in Table I] 

It has been shown that plotting relaxation results 
in terms of relative tension indicates a good degree 
of tiber-to-fiber reproducibility Nevértheless, as 
Figure 3 shows, the results do exhibit a significant 
scatter. This seatter, which 1s probably caused by, 
sample variance, is large enough to mask any small-* 
The data for the 10 fibers plotted 
in Figure 3, for example, gave / 


magiitude effects 


values which varied 
from 0.076 to 0.192, with an average value of 0.106. 


\s a rough estimate, therefore, it appears that a 


change in & by a factor of 3 or more can be consid 


ered significant. anv change of lesser magnitude may 
he caused by the sample variance. The above re- 
sults when compared with those of Speakman and 


Shah [3] indicate that Columbia wool ts somewhat 


at 
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TABLE Pretrearment of Cocumpia Woon Firers 
with 0.1.M Soprum SovuTions 
50°C, 158°) EXTENSION 


Treatment Repe Range of 
No Treatment titions values 
I In bilsulfite for 17 hrs. Washed 1 0.93 
out thoroughly 1 br. before 
stretching. Stretched and re- 
laxed in water 
Il In bisultte for 20-21 hrs 2 O.31-0,82 
Stretched and relaxed in bisul 
tite 
ill In bisulfite 5 min. before 2 0.46 
stretching. Stretched and re 
laxed in bisulfite 
1\ Bisultite added to tiber at time 1 0.23 


of stretching Relaxed in bi 


sulfite 


different from human hair in relaxation properties, 
although many points of similarity. do exist 


Relaxation in Sodium Bisulfite Solutions 


In this portion of the work, the wool fibers were 
immersed in 0.1.17 sodium bisulfite solutions for vary 
ing time intervals before stretching, as shown in 
Table II] 


at 50°C and 15% extension 


All of these expermnents were performed 
The results (averaged 
where repetitive experiments were performed) are 
shown in Figure 5 in comparison with the average 
behavior for untreated fibers in water under the same 
conditions (Curve ©) 

It is important to bear in mind that the fiber prop 


erty under consideration here is the rate of relaxa 


30 
80° 
7 
£ 
s+ 


ie) MIN. 100 


Fic. 4 fzerage relaxation in water at 15% extension 


as a function of temperature 


9] 


tion and nothing else. No attempt is made to deter 
mine whether bisulfite treatment softens or stiffens 
the fiber In Table II] is listed the range of f, 
values for each treatment. Comparing these values 
with the observed range of 1.47 to 3.35 g. for un 
treated fibers would suggest a softening action. At 
the pre sent time, however, we are unable to compare 
absolute tensions and must leave the matter for 
further mvestigation 

When the fiber is left standing in the bisulfite 
solution during relaxation (Treatments II, II], and 
I\V—see Table II11), the rate of relaxation 1s greater 
than for untreated fibers, as Speakman and Shah 
|3] have shown, and increases as the period of 
pretreatment decreases 

On the other hand, if the bisulfite is thoroughly 
rinsed out of the fiber before extension m= water 
(Treatment I-—Table II]), the fiber relaxes at a 
rate which is practically the same as that of the 
untreated fiber 

Since relaxation occurs in wool without the addi 
tion of bisulfite, the isolated effect of this reagent can 
best be studied only after it has been separated from 
the other relaxation processes. Consequently, ex 
periments were carried out by adding the bisulfite 
solutions to the stretched fiber 20 to 25 hrs. after it 
Although the fiber is 
still undergoing relaxation in water after 20 hrs. or 


had been extended in water 


more, the rate at which it is occurring 1s relatively 
so slow that it may be neglected in comparison with 
the rapid relaxation caused by the addition of bi 
sulfite, 

The results of these experiments at 30°C and 50°C 
indicate that for bisulfite concentrations of O.O5\/, 
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10 MIN 100 1600 


Fic. 5. The effect of pretreatment with 01M sodium 
bisulfite at 15%, extension and 50°C. (See Table Ill 


for key to the Roman numerals.) 
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ic. 6. The effect of the addition of 


extended fibers previously, laxred in water 


odium bisul fits 


O14, and LOM, and for 


10%, 18%, and 25% 


fiber extensions of 5! 
, the rate of relaxation ts mite 
pendent of the concentration of the reagent and the 
elongation of the fiber, within the experimental error 
Some minor effects may be present, but they are 


completely masked by the spread of results from 


fiber to hher 
Although the 


overlap of the results at the two temperatures, there 


experimental error causes some 


is a detimite mcrease in the relaxation rate caused by 
a temperature increase of 20°C, as shown in Figure 6 
In this figure are plotted the average relaxation re 
sults for the two temperatures 
30 


10 ¢ xperiments at 
and & at 50°C, in each case covering the range 
of concentrations and extensions given above. The 
results are plotted in terms of f/fo against logarith 
mic time, where fy is the tension attained by the tiber 


in water at the moment the bisulfite is added 


and 
this time is taken as zero time 


Phe complete mechanism of relaxation involves not 


ly the chenneal breakdown of the evstine bonds, but 


Only 


i the rate determining step im this process ts the 


breaking of bonds, or some preceding < 
1 


also the subsequent molecular rearrangement 


an the 


ate of relaxation be related to the 


Kinetics of the 
reaction of sedium bisulfite on wool 

In order to study this phase of the problem, a 
experiment was carried out in which the fiber, after 
24 hrs 


50° ¢ 


relaxation im water at 15 extension and 


, was allowed to react with OLA sodium bisul 


fite for only 6 min. and then the 


lnsultite was thor 


oughly rinsed out while the fiber ret 


. 
aimed stretched 
The results are shown 


with the 50°C 


Pigure In comparison 


curve replo from Figure 6. It is 


REMOVE BISULFITE 


| 


The effect of the addition of VUJM sodium bi 


»> an extended and relaxed fiber, followed by tts 


l after 6 min., compared w 


vhen the bisulfite ts not removed 
apparent that relaxation stops shortly after removal 
of the bisulfite and that the relative tension levels 
off at a much higher value. 

In addition to the above experiments with high 
concentrations of bisulfite, several experiments using 
15% 


In the experi- 


extremely dilute concentrations of bisulfite at 
extension and 30°C were performed 
ments with concentrated solutions, small concentra 
tion changes caused by reaction with the fiber or by 
air oxidation were shown to have a neghgible effect. 
In dilute solutions, however, the effect of concentra 
tion changes is more marked; therefore, during the 
course of these experiments with dilute concentra- 
tions the bisulfite was replaced at intervals by fresh 


solutions—-in the early 


part of the relaxation the 
solutions were replaced half-hourly, and at longer 
intervals later on. The concentrations studied were 
x 10 *N, and 4.5 10 °N and the 


results are shown in Figure 8. It can be seen from 


the figure that the use of very dilute solutions of 


bisulfite slows down the relaxation process consid- 
erably. The curves in Figure & for low concentra 


tions resemble somewhat the ¢ curves reported 


tor rubbers [1, 4, 5, 6] but this expression does not 


fit the 
h 


wool data exactly The decay curve for 
highest concentrations deviates even more from 


the law 


Veutral Salt Solutions 


When concentrated bisulfite 
first 


or greater 


solutions of sodium 


were added to the stretched 


measurements recorded indicated a 25% 


wool fibers, the 


decrease in the tension. It of mterest to ascer 
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. have replotted the above data in Figure 10, In this 
; figure, zero time.is the time at which the fiber was 
i first extended, and it can be seen that the addition 
of sodium chloride causes a definite discontinuity m 
| the complete relaxation curve 
| ~ 45x10" 
al Further experiments appear to indicate that the 
+ 7 effect of the neutral salt is independent of tempera 
~ A 18 x10"'N ture in the range 30°C to 70°C and relatively ince 
~ 
pendent of salt concentration in the range 
S KIO N 
| to 10M, 
: & —— The nature of the reaction occurring between the 
: wool and the salt is somewhat obscure. The relaxa 
10 MIN, = 100 100 tion behavior indicates that two processes are taking 
Fic. & Relaxation caused by th wddition of loz lace One process occurs rapidly and accounts for 
\ addition low } 
, concentration bisulfite solutions to extended and relaxed only a minor decrease in tension, whereas the other 
h wed with high concentration results. at 
hbers, Compared with high concentration resi atd process is comparatively slow, responsible for a 


crxvtension and ( 
large stress decay, and can be fitted very closely 


by an e** curve 
tain whether or not this immediate decrease was a 
simple thermodynamic effect due to the changed Summary 


the rmody namic potential of the water in the liquid A study of the decay of tension of Columbia 56’s 
phase. [Experiments with neutral salt solutions show 


ve : ; wool fibers maintained at constant temperature and 
; that only slight immediate changes in relative tension . , 
' extension has been carried out in water, in solutions 
occurred by way of this mechanism, These experi _ 
- of sodium bisulfite of various concentrations, and im 
: ments also revealed, surprisingly, that a slow relaxa- . 
neutral salt solutions 
tion of tension occurred the presence ot these 
7 ‘ \ direct comparison of the results for different 
li neutral salt solutions, as shown in Figure Y. In this ; 
fibers is not possible because of the large 
‘ figure is plotted the relaxation of a fiber in a 10M " 
variance encountered The use of relative tension, 
sodium chloride solution at 150 extension and 50° ¢ 
however, enables a comparison, alth>ugh the sample 
following 25 hrs. relaxation in water, with zero time 
ti variance is still sufficient to conceal any effects of 


taken as the time of addition of the salt solution 


small magnitude 
In order to compare the magnitude of this neutral 


‘ Vhe allowed to In Wi 
salt effect with the previous re laxation in water, we When extended and al -" t rela in water, 


Columbia wool undergoes stress relaxation somewhat 


; — — similar to that reported for human hair. The relaxa 
\& 
! 
£ 
\ | Lo 
4 ] 
\ 
| 4 
10 MIN, 100 1000 2 1 
Fi Re vation fiber fi wing the addition oj 1000 
. JM sodium chloride after 25 hrs. relaxation in water, 
at 15% extension and 51° ¢ Zero time is the time of Fic. 10. A replot of Fig. 9 with zero time taken as the 
addition of the sait ut which the fiber was extended 


re 


od 
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| | 
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tion process is approximated by an equation linear in 
logarithmic time, and, as for human hair, the rate of 
the Process 15 11K reased by increase in temperature or 
ther extension, The magnitudes of the temperature 


and extension effects, however, are such as to sug 


gest major differences in the properties of Columbia 
wool and human hair 
solutions sium bisulfite to 


The addition of of 


wool changes the properties of the material by a 
chemical process and this change is made evident by 
When the bisulfite is added 


before extension of the fiber, the rate of relaxation 


the relaxation behavior 


aiter extension is increased, provided the fiber is left 


in the bisulfite. This increase on the relaxation rate 
becomes greater as the period of treatment decreases 
It the bisulfite is thoroughly mnsed out with water 
hefore extension, the relaxation rate is practically 


identical with that of the untreated fiber 
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concentration at low bisulfite concentrations but be 
comes independent of the concentration above 0.05M. 
An increase in the temperature will speed up the 
reaction, while extension is apparently without effect 

Solutions of neutral salts will cause extended and 
relaxed fibers to undergo an additional relaxation. 
these conditions, there occurs a 


Under but 


stress 


small 
rapid decrease of stress followed -by a slow 


decay of large magnitude 
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Stabilization of Casein Fibers by Desamination* 


R. F. Peterson and R. L. McDowell 


Eastern Regional Research Laboratory,+ Philadelphia, Pennsylvania 


Abstract 


Casem fibers hardened with formaldehyde 


solutions need further processing tt withstand 


boiling acid dye baths. Studies on desamination of casein fiber at various steps in the spinning 


process are reported. Desamination of casein fiber increases its resistance to dye baths. Desarm 


nated fiber is given additional stability by treatment with acid-formaldehycde solutions followed by 


baking at 110°¢ 


Pr IOUS PAPERS from this laboratory have 
reported studies designed to increase the strength of 
casein fibers [11] and to develop continuous-filament 
yaras by pot spinning [12]. Stabilizing casein fibers 
Hardened with formaldehyde so that they can be 
treated with boiling aqueous acid dye baths without 
shrinkage or loss of tenacity is a formidable problem, 
but it must be considered an essential part of fiber 
production 

Acetylation was used to stabilize the commercial 
casein fiber Aralac [2|. Papers from this laboratory 
3, 12] gave experimental data on the acetylation 
process for our casein fiber, but pointed out the de 
ficiencies of the process. Because acetylation must 
be effected under almost anhydrous conditions, the 
Also, the use of 
a flammable hydrocarbon solvent as a diluent for 


process requires careful control 


the acetic anhydride makes the process a serious fire 
hazard. A process in which only aqueous solutions 
are used for stabilizing casein fibers would obviate 
this fire risk. A treatment with acid-formaldehyde 
solutions followed by drying and baking has given 
moderate stabilization [13], but increasing the sta 
bilization of tensile strengths from 80% to nearly 
100% is difficult 

Desamination of casein has been the subject of 
many reports in the literature [1, 6, 7, 16]. How 
ever, because little quantitative information is given, 
this investigation was undertaken to determine to 


* Presented at the 116th meeting of the American Chemi 
cal Society in Atlantic City, September, 1949 

+ One of the laboratories of the Bureau of Agricultural 
and Industrial Chemistry, Agricultural Research Adminis 
tration, U. S. Department of Agriculture 
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Dve uptake of both acidic and basic dyes is reduced by the combined treatment 


what extent desamination might be carried and the 


maximum stability to be obtained from the process 


Apparatus and Methods 


The casein fiber used in this work was in the form 
of a 300-den, 40-filament yarn with about 3 turns 
Z-twist per in. Its preparation and testing for 
tenacity have been described elsewhere [12]. 

To evaluate the resistance to boiling baths used in 
applying acid dyestuffs, a standard procedure was 
developed. Two g. of yarn were tied in z loose 
hank and boiled under reflux for 1 hr. in 80 mi. of 
solution containing sufficient acetic acid to give pH 4 
and 10°% sodium sulfate (based on the weight of 
the fiber). The fiber was rinsed, centrifuged in a 
small basket centrifuge, and dried at 100°F. Then 
it was conditioned for at least 2 hrs. before being 
tested at 50% relative humidity and 73°F. The 
tenacity obtained after simulated dyeing in this fash 
ion is referred to as “tenacity after boiling.” 

Equilibrium dye uptake was determined by the 
method of Fraenkel-Conrat and Cooper [5]. The 
samples of fiber were ground in a Wiley mill and 
shaken with the dyes and buffer for 24 hrs, at 73°] 
in a constant-temperature room Cross sections were 
made of fiber dyed in a similar manner, but not 
ground in the Wiley mill, The fibers did not show 
ring dyeing, and were uniformly stained across the 
section 

Reflectances were measured on a fabric knit from 
the dyed yarn on a 300-needle half-hose knitting ma- 
chine. The fabric was doubled and redoubled; then 


the reflectance curve was run on a General Electric 
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IABLE Eerect or or “Bank” 
SATH ON TRNACITY AND SHRINKAGE OF Finer 


lemperature lenacity Loss in Shrinkage 

of dve bath after dveing tenacity lenwtt 
den % Denier % 

Control 1.06 275 

100 6 10.0 
70 18 40 19.0 
0.68 89 vo 
Ww 41 428 
100 519 7.0 

recording spectrophotometer \ wave length of 


40mpe was chosen; here the reflectance curve 
showed the yreatest difference for treatment with 
mereasing amounts of nitrous acid The colors 
ranged from light vellow to deep orange 

Van Slyke amino nitrogen determinations were 
made on the solul fiber by the method of Doherty 
and Ogg [4]. The fibers were ground to pass 


OO-mesh sieves in the Wiley mill 


Experimental Procedure 


Po show the effeet of temperature in accelerating 
the loss of formaldehyde from the yarn before it is 
tabilized, 2-g. samples of the yarn were held in the 
blank dye bath for | hr., but at temperatures increas 


ing from 40°C to the boil The values for shrinkage 


Pable 1, 


Rath, Essig, and 


in length and loss in tenacity, shown in 
reflect the loss of formaldehyde 
\bele 11 +} showed that the formaldehyde driven off 
in lir. rose from 5° at 60°C to at 100° 
Desamination can be effected at several stages im 
the spinning process, Casein can be desaminated by 
sodium nitrite or nitrous acid before preparation of 


the spinning solution. If the desaminated casem ts 


thot all wed to dry mit hefore it is dissolved ¢ ilute 


alkah, a solution suttable for spinning can be made 
The properties of the resulting fiber are disappoint 
ing, however, as the tenacities of both the wet and 
the dry fibers are lower than those of untreated 
casein This result ts not unexpected, because selec 
tive benzoylation of the amino groups of the casein 
betore spinning, by the method of Mellon, Korn, and 
Hoover |S], also gives a fiber of low tensile strength 
The present spinning method is based on partial 
hardening with formaldehyde, stretching, and then 
complete hardening. Covering the amino groups of 
removing them interteres with the hardening process, 


and, as a result, less tension can be 


applied to the 


— 
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PABLE Eerect of Soprum is Finat 


at pH 6 on Stapitiry or Fiper 


Tenacity lenacity Tenacity Loss cf 
of dry ol wet of boiled tenacity 
fiber hber fiber on boiling 
Final wash y./den g./den g. den %) 
Acetate 1.20 O34 0.06 95 
Control 
30% Acetate plu 1.14 0.33 0.28 75 
nitrite 


PABLE Eerect of INCREASING Ratio oF Nitrous Actp 
ro Amino Grovurs oN STABILITY OF FIBER 
TREATMENT AT 25°C For 2 Hrs.) 


Penacity at 73°F, 50% R.H 


\fter \fter Loss in 

Ratio of treatment boiling tenacity 
HNO, NH y. den gy. den Color 
Control 1.12 O14 White 

3.33% 0.97 0.59 9 Light yellow 
6.66 1.03 0.6) 41 Light yellow 
10.0 104 0.64 38 Yellow 
1.04 0.65 Yellow 
16.6 1.04 0.69 44 Orange 

$3.3 ™ 1.01 0.69 3) Orange 
44.3% (16 hrs 1.11 O83 25 Brownish orange 


tow before it breaks. Stretching is necessary to give 


greater tenacity [11] 

Nitrous acid can be applied in the aeid precipitat- 
ing bath, the stretching bath, or the wash bath used 
to adjust the put ot the fiber before it enters the pot, 
mt many experiments have shown that only in the 
last bath can nitrous acid be used without seriously 
affecting the tensile strength. Comparison with con 
trol yarns (Table I1) shows that a small improve 
ment in boil-resistance results from this treatment 

\fter the raw fiber has been further hardened so 


that it contains 2° 


formaldehyde, stronger nitrous 
wid solutions can be applied without affecting the 
tensile strength. The improvement in boil-resistance 
caused by the increased desamination is considerable 
Phe nitrous acid, formed by reaction of equivalent 
quantities of acetic acid and sodium nitrite, is used 
in excess, based on OS free amino nitrogen in 
casein. The fiber is treated in a batch process, in 
which a bath-to-yarn ratio of 30 to 1 is employed. 
Table IIL shows that the loss in tenacity on boiling 
may be cut from 88 to 25°) but that the fiber is 
deeply colored 

\dditional quantitative information is needed to 


show the other effects of nitrous acid on the yarn. 
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PABLE IV. Errect of INCREASING Ratio oF Nitrous 
ro Amino Groups ON Properties oF YARN AND Fapri 
TREATMENT At 25°C For 2 Hes.) 


Dye uptake Reflectance 


at pH 2.2 Amino of fabric at 


| Ratio of equiv. dye nitrogen 440 my 

HNO. NH, per 10° g. fiber (% % 

Untreated 5.3 0.75 63 

3.33» 4.1 0.24 $1 
10.0 x 2.5 0.16 13 
33.3% 1.8 0.10 a 
33.3 (16 hrs 1.5 0.05 


TABLE \ STABILIZATION OF Dry Finer Containing 2% 
FORMALDEHYDE BY BAKING IN AciD CONDITION 
(110°C ror 30 Min.) 


Penacity of dry tiber at 
73°F, 50% R.H 

After boil test 

reconditioned 


Impregnating solution \fter baking 


g. den g. den 
% HCt— 10% CHO 1.08 0.61 
2% HCl—-10% CHO 1.05 0.69 
3% HCl-10% CHO 1.11 0.70 
5% HCL 10% CHO 1.08 0.68 
None (control 1.20 0.06 


Dye absorption at equilibrium with an acid dye in 
excess is used as a measure of the relative numbers 
The content of Van Slyke 


amino nitrogen is a measure of the unreacted amino 


of basic sites available. 


groups left in the yarn which will react with the 
relatively more-concentrated HNO, in the reaction 
chamber. The increasing depth of color of the fiber 
is a considerable drawback, because it must be re 
duced by bleaching with dithionites, for example, 
before the fiber can be dyed with light shades. These 
qualities are summarized in Table IV. 

The reduction in dye uptake parallels the decrease 
in Van Slyke amino nitrogen, but the change in 


TABLE VI. Furtaer oF Conrinvous 
Process DesaAMINATED YARN BY BAKING 
Actp Conpition 
110°C ror 30 Min 


Tenacity of dry tiber at 
73°F, 50% R.H. 

\fter boil test 

reconditioned } 


impregnating solution \fter baking 


(g. den gv. den 
1% 10% CHO 1.02 0.78 
2% HCl—10% CHO 0.99 089 
3% CHO 1.04 O.R4 
3% HCl -10% 0.99 O81 
Control (desaminated 1.14 0.28 


TABLE VIL. AND oF 
Finer STABILIZED BY FoRMALDE RYDE, BAKING, AND 
DeSAMINATION (2.3 Ratio, 25°C, ror 2 Hrs 
AND SUBSEQUENTLY BLEACHED VERSUS 
THosk or AckTYLATED Finer 


lenacity at 73°F, RH Reflectance of 


Original Treated and Boiled boiled fiber 
tiber bleached tiber hber at 440 mu 
den g. den den % 
1.1 1.1 O86 43 
1.2 10 0.80 48 
10 10 0.90 is 
\cetvlated \cetviated 
0.94 0.61 


amino nitrogen content is greater than that im acid 
dye uptake, for the latter reaction is related to the 
sum of all the basic groups present. The absorption 
of a basic dye, Safranine ©, was not increased by 
desamination, as had been reported for wool [15] 

Previously reported work |13] has shown that 
treatment of finished fiber containing 20> formalde 
hyde in an acid-formaldehyde solution, followed by 
drying at increasing temperatures, produces a mod 
erate degree of stability to boiling in acid dye baths, 
\s shown in Table V, for the type of fibers used in 
this work, the acid strength could be varied from 2% 
to 5° without changing the strength of the treated 
fiber, but additional increase in acid concentration 
lowered the strength after treatment and the boil 
résistance 

The advantage of this method over desamination 
les in the resulting color of the product. If sulfuric 
acid is used instead of hydrochloric acid, a lighter 
color is obtamed, but the fiber must be baked at a 
shghtly higher temperature to obtain the same degree 
of stabilization. It remained to be proved whether 


the two stabilization processes were additive, or 


whether one would cancel the effect of the other. 
The yarn described in Table Il, which showed about 


0.16 amino nitrogen by the Van Slyke determina- 


tion, was given the acid baking treatment, and the 
amount of acid was varied within the same limits as 
before. Tabie VI shows the improvement in boil 
resistance 

The 
dithionite, as the acid-formaldehyde solution seems 
he loss 
of tenacity of the stabilized and bleached yarn when 
10%. 
sents an improvement over the acid baking process, 
and the color imparted to the yarn is less than that 


residual color may easily be removed by 


to have some bleaching action of its own 


boiled is only The combined process repre 
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FABLE VILL Moptrication ov Properties oF 
Tenacity at Tenacity of 
70°F, 50% RH wet fiber 

Treatment / den gy. den 
Nome 1.21 0.40 
Desaminated*® 1.10 0.49 
Acid-CHA) + baking at 110°C 0.96 O31 
Combined treatment 1.11 0.51 
\cetylated 0.94 O41 


* 16 hrs. at 25°C, 33.3/1 ratio HNO./NH, 


t linbibed water not removed by centrifuging for 5 minutes 


Fable tor 


hardening 


which the 
0.24% 


shown in the treatment in 


yarn after was desaminated t 


amino nitrogen. 


Desamination can also be carried out as a batch 


process before the tiber is stabilized by acid baking 
{13}. 


and retlectance measure 


with formaldehyde, as previously 
Fable VII 


ments of 3 typical samples 


reported 
shows tenacity 
Even after boiling, the 
fiber had a tenacity of 0.8 to 0.9 yg. per den., and its 
reflectance of 48° 
of 63% 


« can be compared with the value 
for the untreated fiber. Acetylation of these 
40-fhlament 


than acetylation of the 150-filament yarns previously 


yarns gives less effective stabilization 
reported [12]. 

Fable VELL contains comparison ef the other effects 
of the 


fiber 


stabilization Tenacity of the wet 


was improved by 


process 
intensive desamination. The 
color produced by this desamination could not be 
fully bleached 


basic dyes was decreased by the combined process, 


Dye absorption for both acid and 


he tenacity of the colored varns was stabilized at 
Water 


absorption was decreased by desamination and acid 


as much as per den atter boiling 


baking Surprisingly, contrast to results re 
for earlier work [3], acetylation in a solvent 


\ different method 


porter 
increased the water absorption 
of acetylation was used [12] to avoid excessive loss 
under these conditions, acetyla 


of tenacitv. 


tion may remove 0.5 formaldehyvae 


Discussion 


When nitrous acid reacts with casem, the eamine 
groups of lysine are rapidly converted to ehydroxy 
The arginine, tyrosine, and tryptophane 


groups 


contents also enter into the reaction The reaction 
with tyrosine is probably responsible for the color 
produced by desamination, because nitroso deriva 


tives of tvrosine have been demonstrated [9] 
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YARN BY COMBINING CHEMICAL TREATMENTS 


Acid dye Basic dye 

absorption absorption 

equiv. dye equiv. dye Water 

Amino N per 10° g per absorptiont 

(% fiber fiber (% 
O8 4.95 12.1 33.0 
0.05 1.85 11.2 10.4 
0.15 4.1 5.65 31.0 
0.09 1.80 5.55 28.8 
0.09 1.95 12.8 36.5 


at 1,000 relative centrifugal force 


The effect of desamination in 


strength of the wet fiber and its stability to boiling 


increasing the 


is best explained by the addition of new cross bonds. 
The stress-strain curve for the wet fiber shows a 
definite yield point, as compared with that of the 
unmodified fiber. 
linkages [10] 


theory by the 


The bonds are probably diazo 
Additional support is given to this 
fact that when fibers stabilized by 
desamination are reduced with dithionite to remove 
the color, their strength after boiling is decreased 
slightly by this treatment 

The nature of the chemical reactions produced by 
baking after acid and formaldehyde treatment has not 
The 


indicates 


reduction in 
that Koch’s 
mechanism of carboxyl group esterification with 


In addition, the reduction in acid-dye absorption 


been demonstrated hasic-dye 


binding capacity suggested 


methylene glycol might be partially correct 
follows the decrease in Van Slyke amino nitrogen 
It is probable that these actd-resistant cross bonds 


involye some of the amino nitrogens in the fiber.* 
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Special Dyeing of Cotton on the Seed Gives Visual 
Evidence of Changes During Fiber Development’ 


Charles F. Goldthwait, Herbert O. Smith, and Florence T. Roberts 


A proce i tial dyeing employed to distinguis! \ method for distinguishing thin-walled cotton 
hich 1 thin-wall ‘ bers | bee - 
utilized to aiiy that the yg of normal cotty 
fibers for the first time—as when the boll opens in the field walled fibers (mature) was recently described [6]. 
greatly affects their dyeing properties. The effect wa It is based upon dyemg the cotton in a bath contain 
served as a pt meed color difference wher y two direct cotton dyes, a green which tends to 
the same dye bath at the same time vhich tends to color the thick-walled fibers 
Phe dried cotton dyed mainly red and the It tively. Pronounced gray and reddish colors obtained 
green. The change in the cotton cellulose which caused the le t t 
nm avery can be made i ear yreater 
undoubtedly submicroscopic and takes place t i ip} ir in much greater 
, to the changes visible in the microscope which are contrast as green and red by after-treatment 
fa ar fibers that have rmall nthe ant boiling water, which constitutes virtually partial 
t the scol hanwe can tx 
\ unt feature oft cha and selective stripping 
ferret from the cdve vw behavior ¢ red relat t 
ried fibers from a cotton boll are shown by a new tec dyed differentially may also differ greatly because 
que to | rous than fibers which have dried in the 
re neariy every cotton consists ot a mixture 
boll, a the t walled fibers m ordinary cotton are n ? ‘ 
| re } u< than the thi watled fhere at least while and thick-walled fibers and the tinal color will depend 
ariy ati ck Nal ‘ wast 
et 1 i t dye bat It follows that the differential pon their proportions m the mixture 
t however, the observed differences do not depend 
structure mibinat wit er the ‘ 
ee ate’ merely upon thickness of cell wall but 
some tactor more fundamental in cotton fiber struc 
Report of a study made under the Research and Market ture 
Act of 194 Sensitivity of the technique to influences other than 
One of the laborators t! Burea Agneult il } 
i wall thickness has now been utilized to detect changes 
ind Industrial Chemistry, Agricultural Research Adminis zed t 
S of Asricultar in the cotton in its final stage of development 
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This is the second in a series of papers on a special method of dyeing cottons 
differentially to show differences between them. The main purpose of this work 
has been to devel 


and for showing their amount and distribution in the presence of thick-walled 


op techniques tor identifying thin-walled (immature) cotton fil ers, 


(mature) fibers Such special dyewmng has proved useful to a number of cetton 


manufacturers and finishers in problems involving fiber-wall thickness. The present 

paper ts an account 0} the use of differential dyeing in another way to furnish visual 

evidence of a fundamental submicroscopic change in cotton as it dries when the boll 


opens on the plant, and to indicate structural differences between thin- and thick 


walled cotton fibers lhe work contributes also toward the explanation of the 


differential-dyeing effect 
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as the boll opens and the cotton dries. The purpose 
of this report is primarily to describe the resulting 
color effects, with supplementary observations from 
other direct dyeings and from mercerization, as vis- 
ual evidence that pronounced changes do occur in 
the cotton cellulose; and then to offer suggestions 
regarding the nature of these changes, as implied by 


the dyeings. 


Methods Employed 


The description of the special method of differen 
tial dveing [6] will be repeated here for convenience 

Samples of cotton are dyed comparatively, all in 
the same bath at the same time, each sample being 
loosely enclosed in a small bay made from bleached 
open-mesh gauze of, say, 28 < 24 thread count. 
After weighing, the cotton is entered into a boiling 
bath made up with distilled water to 40 times the 


weight of cotton and containing 1.2% Diphenyl Fast 


Red 5BL Supra I (Geigy) (Color Index No. 278) 
and 2.8% Chlorantine Fast Green BLI. (Ciba) (no 
C. |. number), calculated on the weight of all the 
When the cotton is 
to be dyed while still on the seed, as in the experi 


cotton (samples plus gauze) 


ments to be described below, an allowance for the 
weight of seed can be made if it amounts to an 
Other 


wise the dyeings will merely be darker as greater 


appreciable proportion of the total weight 


relative amounts of seed and less cotton are present 

\fter dyeing for 15 min. at the boil, the cotton is 
lifted out and 24° of its weight of C. P. sodium 
chloride is stirred into the dve bath The cotton is 
re-entered into the bath for 15 min., then lifted out 
again, and a second portion of 25° sodium chloride 
is added. The dyeing is continued at the boil, with 
the addition of water if needed to maintain the origi 
1al volume, for a total of 45 min., after which the 
cotton is lifted, drained or hvdroextracted, cooled, 
and then washed well in two changes of cold dis 
tilled water in the proportion of 50 parts of water to 
1 of cotton. 

After the removal of excess cold wash water, the 
dyeings are dipped into vigorously boiling distilled 
water (50:1) for a definite length of time, usually 
exactly 30 sec., with stirring, then lifted, drained, 
squeezed or extracted, and washed in cold water as 
before. The hot washing, which ts not in accord 
ance with usual direct-dyeing practice, removes ex 
1 


latively little green dye, thus 


cess red dye hut re 
eliminating grayness and resulting in more clearly 


defined red and green colors 
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\fter final wringing, the dyeings are removed from 
the gauze bags and allowed to dry in the open air or 
with moderate heat. Thick-walled, or mature, cotton 
as normally picked is colored to a pronounced red ; 
and thin-walled, or immature, cotton is usually col 
ored to a distinct green The extremes of color 
obtainable are represented approximately by the red 
dest and greenest areas in Figure | of the reference 
cited [6], the two very different colors being ob 
tained in the one dyeing process 

The colors of the red-dyed and green-lved cottons, 


ly are consid 


even though im strong contrast, usual 
erably different from the “self shades” of the mdi 
vidual dves Each tends to be somewhat duller 
because the red and green, approximately comple 
mentary colors, can combine to make gray, and the 
predominating dye on the fibers is somewhat affected 
by the presence of some of the other dve on the same 
fibers When tufts of red and green fibers taken 
from such dyed cotton were compared directly with 
the charts in the Munsell Book of Color |7]|, the 
greenest color obtained was found to correspond 
approximately with blue-green, value 5/ and chroma 

+; and the reddest, with red-purple, value 5° and 
chroma 

Keeping the cotton on the seed has the obvious 
advantage of showing the relative positions of the 
fibers which dye to different colors. Careful hand 
wringing, or the use of a centrifuge, is suggested in 
wder to keep the seeds intact, since the boiling dye 
bath softens them and they are likely to be crushed 
and mixed with the cotton if put through a wringet 

For the experiments which included redyeing, the 
green-red dye combination was readily stripped with 
commercial sodium hydrosulfite, 54 on the weight 
of all the cotton, in 20 or 30 times its weight of 
water, usually within 5 min. if treated at the boil 
For consistent results, it has been found best to dry 
the stripped cotton before redyeing (except when it 
must be kept wet to meet other requrements of the 
experiment). When successive dyeings and strip 
Pings are lo be made, it 1s advisable to dve aS MANY 
as possible of the samples which are intended for 
final comparison all at once in the last dve bath in 
order to avoid the effects of slight, but almost un 
avoidable, differences from one dyeing to another 

Dveings were also made with individual dyestuffs 
such as those fre quently used to bring out differences 
in dyeing capacity of cottons, uncomplicated by differ 
ential effects 
Index No. 518) and a direct fast blue 4GL. | reference 


namely, with a direct sky blue 6B (Color 
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1, Prototype 26}. A method which is usually satis 


factory is to dve at the boil wrth 1% color (based 


with the addition after 


salt and of a second 10% 


on the weight of the cotton), 
10 min, of 10% 

10 muin., 
of 30 min 


after an- 
continuing up to a total dyemg time 
Phe resulting dyed cotton is then washed 
well in cold and dried Relative 


water depths ot 


color were estimated by visual comparison with spe 
cial dyeings made with known amounts of the blue 
HL, each dved to exhaustion 

For mercerization, cotton fibers still on the seed 


and pertectly free to swell were immersed for several 


minutes at room temperature in sodium hydroxide of 


22% concentration containing 


ot a proprietary 
“penetrating” agent to assist the wetting of the dry 
alkali The then 


washed well with distilled water, neutralized with 


raw cotton by the cotton was 


dilute acetic acid, washed again, and used while still 


wet 
Observations on the Dyed Cottons 


When a boll 


to open naturally on the plant was picked and opened 


which appeared to be nearly ready 


under water and one lock (the cotton in one section 
of the boll, kept wet 


was dned, and then both locks were dved together 


with seed) was while another 


in the differential dve bath and stripped with boiling 


g 
water, the fibers that had not been predried all came 


whereas tl 


out green, ose dried before dyeing came 
out mainly red, with green-dyed fibers present in the 
latter only im accordance with the nuiber not having 
normal secondary-wall thickening. If the green-dyed 
cotton (never previously dried) was then dried, the 
color stripped with hydrosulfite, and the cotton dyed 


again im the same way as he tore, it colored red (with 


some green fibers) just as the original dried and dyed 
lock did. On the other hand, when another sample 
that had not been predried was dyed (green), 
stripped, and dyed again, without any intermediate 
drying, it colored green just as it had betore. These 
Table I 


The green that results from dyemg undried cot 


than the 


observations are summarized in 


ton is usually much darker green of the 


ordinary differentially dved thin-walled fibers, being 


typically represented by Munsell’s [7] blue-green of 


value 20 and chroma to 4 


In the experiments reported here, more than a 
dozen cottons were dved “wet and drv” with consistent 
When locks trom comparable 


and striking results 


bolls which had been open for a short time on the 


plants were included in the dyemgs, these came out 
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SUMMARY OF OBSERVATIONS FROM DIFFERENTIAL 
DyeinG (Corron ON THE SEED 


Color after treatment indicated 


Not Dyed 


State of Cotton Dyed Dried dried Stripper igain 


Original, moist Green Green 
from boll 
Original, moist (sreen 

from boll 


Dried trom boll 


bolls 


growth and 


locks dried from the 


than 


at a_ slightly 


somewhat redder 


picked 
opened in the laboratory 


earlier stage of 
Late-season bolls which 
were not well developed gave less pronounced con- 
trasts when dyed wet and dry. 

Dyeings by the differential technique were supple- 
mented by experiments more nearly like ordinary 
direct-dyeing procedures. A lock of cotton from a 
boll picked before it opened on the plant was dyed 
without drving and another was dyed after drying, 
both in one bath as before, but with a single blue 


dyestuff. Instead of contrasts in color there were 


differences in depth of color only, the cotton which 
When a 


comparable lock of mercerized cotton was included, 


had not been dried being much darker. 


the cotton dried from the boll before dyeing came out 
lightest and the mercerized lock darkest, the depth of 
color of the cotton dyed without previous drying be 
ing mtermediate. The differences in depth of color 
from one sample to another in the series were of the 
order of 50° of that of the dyeing of middle depth 
(cotton dyed without previous drying). 

Phe colors of the mercerized cottons dyed by the 
differential technique were also very dark but di- 
verged considerably from the usual pronounced red 
and yreen 

Che difference in color between cottons dyed dif 
ferentially before and after drying from the boll 
suggested that, possibly, crystallization of original 
amorphous cellulose in the cotton fiber, and perhaps 
orientation, caused by stretching fresh moist cotton 


fibers [2] nught affect the dyeing. But the stretch- 


ing of samples of undried fibers of several varieties 
b 


vy hand failed to cause perceptible differences in the 
dyed shades as compared visually with the shades of 
corresponding unstretched cottons dved at the same 
tine. llowever, this negative result does not neces- 
sarily mean that there was no increase in crystallinity 


or in orientation upon stretching, but only that this 
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particular dyeing process was not sensitive to such 


changes if they took place 


Relationships Between Color of Dyed Fiber and 
Cellulose Structure 


As shown in the earlier publication [6|, when cot 
ton which had been removed from the growing boll 
after the onset of normal secondary-wall thickening, 
but before the boll would have opened naturally, was 
washed m hot water and dried and then dyed by the 
differential technique, the fibers or parts of fibers 
which had become thickened were colored to a pro- 
nounced red, while fibers not yet thickened came 
out green. Similar observations on several cottons 
showed that the thickened fibers tended to dye just 
as they would if thev had been ailowed te grow until 
the boll opened naturally, and that thin-walled fibers 
were colored green whether they had been taken 
from a boll picked prematurely or from one fully 
It follows, then, 
that the test is independent of the maturity of the 


grown and opened on the plant 


cotton in the physiological sense, although it will, in 
general, differentiate mature and immature fibers as 
detined by wall thickness. 

However, although thick- and thin-walled fibers 
usually dye consistently red and green, respectively, 
the selectivity is not actually a direct function of 
wall thickness, as is clearly shown by the special 
dyeings of dried and undried locks of cotton from 
the same boll. Here, wall thickness could not have 
been the main determining factor in their coloring 
red and green because in normal locks from a given 
boll the wall thicknesses of the fibers are approxi 
mately the same (except that in the experiment one 
was swollen more than the other at the time ot 
dyeimg 

[t follows from the present work that the drying 
at the cotton from its natural wet state in the boll is 
the immediate cause of the change in its sorptive 
properties for particular dyestuffs. Since dyeing ef 
fects obtained on such cotton which had been dried 
in the open air were found to be the same as those 
obtained on cotton dried with heat, it is evident that 
the change is not due merely to the heat during dry 
ing, and also that the same change must take place in 
cotton which opens naturally and dries in the field 
In addition, the heating of undried cotton in the dye 
ing and stripping baths (to nearly as high a tem 
perature as in the hot drying) made no apparent 
change in its dyeing properties, as was shown by 


redyeing cotton which had never been dried—i. 
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Hence, the differential coloring 


it still dyed green nag 
of the originally moist and the dried cottons is almost 
certainly due in large part to submicroscopic struc 
tural changes in the cellulose of the fibers which occur 
upon drying—to s« mething fundamental in the devel 
opment of normal cotton in addition to the familiar 
changes visible in the microscope after the fibers 
have been dried for the first time 

If we reason on the basis of the dyed fibers the dit 
ferential coloring of which depends so largely upon 
structural change in the cotton cellulose incident to 
drying, it is an almost inescapable conclusion that 
there is similarly a structural difference between 
thick- and thin-walled fibers in ordinary cotton 

Although the differential-dyemg effect must de 
pend greatly upon cellulose structure, it unquestion 
ably depends also upon the mechanism of the direct 
dyeing, and when both of these are taken into ac 
count, further inferences may be drawn concerning 
the relationship between color of dyed fiber and 
cellulose structure 

In direct dyeing |[3, 9], it appears that the dyes 
enter water-swollen cellulose tibers by a process of 
diffusion through “pores” of such sizes that large 
and small dye molecules may not diffuse through 
them equally freely Phe dyeing proper consists im 
the attachment of dye molecules to surfaces which 
are mainly within or around the amorphous portions 
of the cellulose, which are reached through the pores 
The hot-water stripping employed in differential dye 
ing consists in the removal of dye molecules en 
trapped in the cellulose or attached to it by their 
diffusion outward through the same pore system 
Hence, both the exact mechanism of dyeing with 
specific dyes and the fastness of such dyes to hot 
water depend upon the affinities of the dyes for the 
cellulose and pon the ease of movement of their 
molecules through its pores 

The two dyes employed in the differential dyeing 
differ greatly in respects which are significant for 
that technique \s is well known, the green dye 
[5] has a molecular weight about twice that of 
the red [8], and it dyes much more slowly, as has 
been reported for its use on rayon | +} Special ex 
periments have shown also that the green dye is 
absorbed more slowly by cotton than is the red 

It seems natural to consider that the possible dif 
ferences between the fibers or the celluloses rather 
than differences between the properties of the dye 
stuffs are the underlying cause of the differential 


dyeing effects, because the state of the cellulose at the 
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time of dyemg determines the accessibility of its 
mternal adsorbing sites to the dye molecules 

Since the wet cotton in the unopened boll is highly 
swollen, it has a much more open structure than it 
would have after drying. This undried cotton no 
doubt also retains a relatively greater degree of 
swelling in the dye bath than is attained by the 
cotton that has been dried and rewet. This greater 
degree of swelling is unquestionably a determining 
factor m the dyeing because it makes available more 
dyeing surface or a greater number of adsorbing 
sites; and it no doubt allows much easier access of 
the large, green dye molecules to the interior of the 
fibers. Hence, if we reason from dyeings to fiber 
properties, the relatively dark green dyeing of the 
undried cotton fibers implies greater openness or 
porosity, which ts indicated also by their cross sec 
tions, which are green throughout, showing penetra- 
tion by the large, green dve molecules 

Similarly, the green color of the cross sections of 
thin-walled fibers found in ordinary cottons which 
had been dyed differentially indicates that these 
fibers are more porous, at least while m the dye 
bath, than are the thick-walled fibers which had been 
dyed at the same time, since the latter do not show 
the presence of green 

Furthermore, when a mature and an immature 
cotton were dyed with the green dye alone for 5 
min. in a suitable bath, the thin-walled fibers of 
both were dyed throughout, as shown by cross see 
tions, indicating that these fibers could be readily 
penetrated by the large, green dye molecules, whereas 
the thick-walled fibers were not penetrated appre 


Textite Research JOURNAL 
ciablv. These observations seem also to confirm the 


view that the thin-walled fibers are more porous. 


Acknowledgment 


Some of the cottons used mm the work described 
here were furnished by the Louisiana State Agricul- 
tural Experiment Station through the kindness of 
Dr. C. C. Murray and of F. W. Self. Others were 
furnished by the U.S. Cotton Field Station at Knox- 
ville, Tennessee, through the kindness of Dr. D. M 


Simpson 


Literature Cited 


1. American Association of Textile Chemists and Col- 
orists, Technical Manual and Year Book of the 
{ATCC 25, 262 (1949) 

2. Berkley, E. E.. and Kerr, 1 
304-9 (1946) 

3. Boulton, J.. and Morton, T. H., J. Soe. 
Colourists 56, 145 (1940), 

4. Boulton, |., and Reading, B.. J. 
Colourists 50, 381-9 (1934) 

Clayton, E., “Identification of Dyes on Textile Fibers 
and Detection of Metals in Fibrous Materials, 
and Organic Pigments,” 2nd ed Soe Dy ers 
and Colourists, 1946, p. 10 

6. Goldthwait, C. F.. Smith, H. O., and Barnett, M. P., 

Textile Werld 97, No. 7, 105-8, 201, 202, 204, 206 


Ind. Eng. Chem. 38, 
Dyers and 


Dyers and 


(1947) 

7. A. H., “Munsell Book of Color,” standard 
' Baltimore, Md., Munsell Color Co., Inc., 1929 

Soc. ' Colourists, “Colour Index,” 1924, 
p. 65 

9 Standing. H A... Trans. Faraday Soc. 41, 410-34 
(19045) 

Manus ript received September 10. 104 


ia 
} 
| 
. 
2 | 
Tk 
\ | \ | 


Fepruary, 1950 


Letters to the Editor 


Examination of Rayon Cross Sections with the Electron 
Microscope in Conjunction with Supplementary 
Light-Microscopic Observations* 


INSTITUTE FOR CELLULOSE RESEARCH OF In making a great number of cuts many sections 
rhe AKU anp AFFILIATED Companies were obtained which appeared to be much thinner 
Utrecht, Netherlands than 1 » and suitable for examination in the VO KV 

October 27, 1949 Klectron Microscope It is true that whole sections 

thin enough for use were not observed, but it was not 


To the Editor difficult to find well recognizable section fragments 


Textine Researcn JOURNAI in the preparation 
One of several pictures obtaimed is reproduced in 
Figure 1 (magnification, 4,000 x). It shows a frag 
Previous attempts to investigate sections of syn ment of a section of a viscose fiber taken from a 
thetic fibers with the electron microscope have not vory of the tire-cord type; lying next to it is a much 
been biel successful. [It is understood that eaceme thicker fragment (in which no details are revealed) 
suitable for examination should be very thin—0.5 p, The thin fragment clearly shows the lobed surface of 
- preferably thinner. the filament and the presence of numerous small 
In this journal Horio et al. published electron voids in a rather thick cortical layer of the fiber 
micrographs of wedge-shaped sections of thick lab 
oratory-spun model fibers from viscose, obtained with 
an ordinary microtome |1]; in a later paper, Earle 
and Minkin [2] presented micrographs of sections 
made with the high-speed ultramicrotome. These 
authors succeeded merely in obtaining fragments of 
sections and used fibers previously coated with gold 
in order to be able to recognize the fiber surface in 
the fragments obtained. The published pictures ob 
viously reveal that considerable mechanical damage 
has been done to the material in the cutting opera- 
tion, and the pictures therefore would seem to be of 
very limited interest. 
Dr. Bretschneider in Utrecht recently succeeded 
in obtaining almost perfect 0.2—0.5 yw sections of vari- 
ous biological objects with an ordinary microtome of 
very simple construction [3]. With the advice and 
kind assistance of Dr. Bretschneider, we succeeded in 
obtaining reasonable results with paraffin-embedded 
viscose fibers by using an ordinary Leitz sledge mi 


crotome, setting it to cut sections of 1 yw thickness 


*Communication No. 62 from the Institute for Cellulose 
Research of the AKU and Affiliated ( ompanies, Utrecht "a Electron mi rograph 
Netherlands section fraqment 
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f Fic. 2. Ordinary micrograph of sections taken with a 
| narrow cone of light 


Fic. 4, 


Phase contrast picture of sections immersed 


ina liquid with n= 1.531 


Che thickness of this layer corresponds to about that 
Victoria Blue 


obtained 


fiber skin as revealed by the 
Other 


Phe micrograph repre 


ot the 
staining technique [4] pictures 
showed the same structure 
sents a “negative image” picture (like the one on 
the original film, which was first printed on diaposi 
tive film; a paper print of the latter is reproduced 
here). 

The occurrence of numerous small voids in the 
cortical layer 1s just what was expected from. the 
: examination of ordinary 6 » sections of the same fiber 
with the light microscope. The observed porosity ts 
: | probably identical with the phenomenon of so-called 

; which ts well known tn 


“milkiness,”’ viscose raven 


| 
| manutacturmg 


Fic. 3. Micrographs of sections taken with 


dark-field dlumination 


aie 


Phase 


in-a liguid with 


contrast picture of sections immersed 
1.495 


Figure 2 is an ordinary micrograph of 6 » sections 
of the same fiber immersed in a liquid with n = 1.535 
and taken with a very narrow cone of light. 

Figure 3 is a dark-fheld micrograph and Figures 4 
ind are pictures taken with the phase contrast 
microscope of the same sections immersed in liquids 
of slightly higher and slightly lower refractivity than 
that of the sections 

In Figure 4 the circumference of the sections 
shows bright contrast, and in Figure 5, dark con 
The ] 


course, 


trast against the 
tilled 


bright contrast 


liquid occurrence of gas 


should 
is best revealed in the picture taken 


voids (which, of appear in 
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in water 


Same sections as in Figure 2 photographed 


Vicols. 


between crossed 


with a liquid of lower refractivity in the form of not 


well resolved little white specks. These can also be 


detected in Figure 2 as grayish zones with a not 
sufficiently resolved structure 

From Figures 2 and 5, as well as from the electron 
micrograph in Figure 1, it is further apparent that 
the outermost part of the cortical layer is free oft 
voids and that the voids begin to occur at a depth of 
The thickness of the 


tech 


about 1 p below the surtace 


so-called fiber skin (as revealed by staming 


niques) is about 3a. It comeides with the bright 
outer zone in Figure 4 

In Figure 6 are shown (also undved) sections of 
the same fiber lying in water and photographed with 
the phase contrast microscope. The difference in 


refractivity between the swollen section and the wa 


between crossed Ni 


Phase contrast picture of sections immersed 


water miuxriure with n 1.499 Some sec 


9 


Same 


sections as im Figure 2 photographed 


} ls and compensated in the direction 


of the arrow 


ter being very considerable, diffraction rings appeat 


at the section circumference 
Inside the swollen sections it 1s seen that the skin 
appears m dark contrast ayainst the core, incicating 


that the optical density of the tormer is greater than 


that of the latter The “nmulkiness” has entirely dis 


appeared in the swollen the voids being 


sections, 


water. Figure 7 shows 


a 12 


1.499) in which swelling is 


either closed or tilled with 


sections after immersion in 1 mixture of pyri 
dine and water (np 
Some sections in the 


The latter still 


and less than im water 


slow 


picture are swollen, others not vet 


have the appearance of those in Figure 5 
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Chat the 


complicated and that the use of as many techniques 


immer structure of the ravon fiber is very 


of microscopical examination as possible is required 


jor its study are also revealed by examination in 


polarized light Figure S shows the very same sec 


tions as Figure 2, photographed between crossed 


Nicols, and Figure 9 shows the same sections after 
superimposing a compensating birefringence in the 
path of the light, with the largest refractive index im 
the direction of the arrow. Patches having an orien 

tation parallel to the arrow remain bright, whereas 

the hight transmitted by patches with an orientation 
_ perpendicular to the direction of the arrow ts extin 


guished. It will be seen that the fiber skin has an 


onentation perpendicular to the fiber surface im those 


a regions where no excessive folding and lobing have 


occurred In the lobes the situation is more com 


plicated. (In order to facilitate location of the madi 
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lual sections in Figures 2, 3, and 9, numerals in 


white have been drawn in. } 

Phe continuation of this work with other types of 
viscose fibers is planned 

The author is indebted to the Institute for Electron 


Microscopy in Delft for taking the electron micro 


Literature Cited 


1. Horio, M., et al., 

1947) 

2. Earle, M. E., and Minkin, J. A 
19, 36 (1949), 

3. Bretschneider, L. H.,. Proc. Koninkl 
fkad. Wetenschap. $2, 654 (1949) 

Hermans, P, H., Textire Researcu JourNnat, 
1948 ) 


TexTire Researcn Journar, 17 
TEXTILE 
Nederland 
18. 9 


Very truly yours, 


HERMANS 


a “The Fine Structure of Cotton Fibers from 
Density Measurements” 


FOR CELLULOSE RESEARCH OF 


INSTITUTE 
roe AKI AFFILIATED 


Utrecht, Netherlands 


November 1s, 


AND COMPANIES 


Po the Editor 
Pexvice JOURNAL 
Dear Sw 
: In a recent paper entitled “The Fine Structure of 
Cotton Fibers trom Density Measurements,” 
Wakeham (Textine Researcu 19, 595 
(1949)) has reported that values for the density of 
. previously cut cotton fibers when measured in ben 


ene tend to be slightly higher than those for whol 


Obvieusly, more of the tiny porous channels 


wee ssible tho the liquid atter 


fibers 


fiber becorne 


within the 
cutting 


Wakeham correctly states tha 


the estimations of the crystallinity figure made by 
the present author from density data obtained on 
Whole fibers 

It is regrettable that Wakeham has not indicated 


the fluctuations found im his single determinations, 

hut one may deduce from his paper that the average 

density figures given are significant to about 5 x 10 
The average figure found for cut native cotton in 


benzene then amounts to 1.56, If this figure is sub- 

1.55 (previously used for the estimation 
of the crystallinity of cotton) the percentage found ts 
ihout 70° instead of about 60° (the specific volume 
if crystalline cellulose again being taken as 0.628 and 


that of amorphous cellulose as 0.068 ) 


Since the figure derived from x-ray measurements 
4. 135 (1949) ) 
data lead to improved agreement 


Very 


Polymer Set is 70%, Wakeham’s 


truly 
P. H. Hermans 


yours, 


fin 
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INDUSTRIAL SECTION 


The Determination of Cotton Textile Dusts in Air 


Leslie Silverman and Frederick J. Viles, Jr. 


Department of Industrial Hygiene, Harvard School of Public Health 
Boston, Massachusetts 
Introduction of trash in cotton depends principally upon the cot 


\ir contamination in cotton textile processing is 
a hygienic and nuisance problem. Ina recent review 
of the literature, Caminita and others |1] described 
the hazards of exposure to cotton dust as related to 
affections of the respiratory tract. These authors be 
lieve that exposure to cotton dust is an industrial 
and the 


magnitude of the nuisance problem is well known to 


hygiene problem of recognized importance, 


individuals who have had occasion to investigate a 
cotton textile plant. 

\tmospheric pollution im cotton processing ts 
caused by foreign materials and short cotton fibers 
present in ginned cotton, which are dispersed into the 
air during cleaning and subsequent processes. The 
undesirable material in ginned cotton-as it 1s received 
at the mill consists of fragments of cotton leaf and 
seeds and also neps, noils, soil, and imorgamic dust 
particles \ll of these materials are removed before 
the cotton is processed or spun into yarn. The 
principal materials which contaminate air are: “pep 
per trash,” consisting of small leaf particles and plant 


fragments; morganic dust, consisting of tmorganic 


and short 
cotton fibers, usually called lint * by laymen. There 


materials carned on the cotton and leat: 


may be several other contaminants in the textile 
plant atmosphere which become entrained by the 
cotton during growth—such as insecticides, fungi 
fragments, and bacteria 


may be dispersed into the workroom air 


During cleaning, these, too, 


The amounts of waste materials (substances other 
than proper-length cotton fibers) in baled cotton can 


be considerable. It 1s well known that the amount 


‘term “lint” is commonly used to denote 


er after separation from the seed 


ton grade. Data of the U.S. Department of Agr 
culture [9] show that average picker and card waste 
(in percent otf total cotton weight) varies trom 5.3" 
to ISS for the ten grades of cotton \verage cot 
tons encountered in yarn mills usually have between 
6% and waste (including organic and inorganik 


When the sep 


arated material is dispersed into the air, it has been 


trash as well as short cotton tibers ) 


found [6] that organic trash and inorgamic dust con 
stitute a much larger percentage of the total au 
sample. Such samples taken in opening rooms have 


from 5% to 50°) organic trash and from 7% to 30% 


inorganic dust. Ratios of the percentages of organi 
trash and inorganic dust in the air to those in the 
cotton being process d average approximate lv 12 and 
14, respectively. This increase is attributable to air 
separation, which acts as a classifying process since 
undesirable constituents of raw cotton are more easily 
air-borne than varn-length fibers are 

The effects on the human system of exposure to 
dust and lint from cotton contaminants and fiber are 
acute or chron The acute disease, called “cotton 
mill” or “Monday fever,” 


is a problem for workers 
to dust from opening, picking, and carding 
operations. It is a non-disabling, temporary reaction 
which disappears after a day, but limited resistance is 
acquired by daily exposure \fter prolonged ab 
sence, however, the reaction can recur. The chronic 


known as byssinosis (cotton-worker's 


condition, 
pneumoconiosis is found in workers exposed to 
cardroom and opening-room atmospheres for periods 
of from 15 to 25 yrs. A greater number of cases 
have occurred in cardroom operatives because ot 


exposure to higher concentrations of fine dust 
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Our investigations have shown that there ts a 
definite relationship between total concentration of 
contaminants in the atmosphere and the incidence of 
the acute disease When the total concentration of 
comtaminants m cotton cleanmg operations is 
tained below 5 mg. per cu. m. of air, it has been our 
experience that there are no complaints of irritatior 
or fever. Undoubtedly, the incidence of the chron 
disease is also related to concentration of contami 
nants in the air. In order to adequately control the 
of health hazard, therefore, it is essential to have some 
i knowledge of atmospheric contamination in the work 
Ing environment 
The purpose of this article is to describe methods 
of determining quantitatively the components of 
cotton textile dusts in the air. 
Determination of Total Air Contamination 
Kew data have been reported in the hterature on 
actual amounts of dust found to be present in work 
room air during cotton processing The review 
mentioned above does cite investigations im 
3 which dust counts were made. Dust counts have 
been taken m mills im this country and im England 
with the impinger, kommmeter, Owens dust counter, 
and the thermal precipitator. Russian investigators 
[1] report dust concentrations m mg. per cu. m, of 
; air, but no mention is made of the technique em 
ployed Pwo other Kussian investigators re 
§ ported dust concentrations in mg. per ml. In the 
4 meager literature on total air contamination, no at 
3 tempt has been made to fractionate any of the air 
| 3 borne dusts into components in field sampling other 
4 than by using mstruments which are selective 
g We found in early investigations of this problem 
i that impingement-type instruments |[2] are unsatis 
q factory, since they indicate only a portion of total 
a contamination and possibly only a certam perce ntayve 
of the inorganic dusts present. Large lint fibers and 
leaf-trash particles which are light and easily at 
floated accumulate at the inlet to the nozzle of the 
grab-sampling impingement instruments In the 
Greenburg-Smuith or midget impinger they are dit 
ficult to wet and also to count 
In early measurements we employed the M.S A 
D.C.) Electrostatic Precipitator,* but found that 
long periods of sampling were necessary. English 
investigators at The Shirley Institute [3] use an 
Manufactured by Mine Safety Appliances Pitts 
burg Pa 
if 
| 
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\.C. precipitator as described by Drinker and Hatch 
[2|, but several hours of sampling are necessary to 
obtain enough material to weigh accurately. They 
have used the thermal precipitator for obtaining dust 
counts because their investigations also showed that 
impingement instruments were unsatisfactory 
Filtration procedures appear to be simple and a 

curate for obtaining representative samples of total 
air contamination. For this purpose, the high-vol- 
ume, high-efficiency sampling and weighing proce 
dure described in a recent article {7| is rapid and 
direct. By means of this apparatus a weighable 
sample is collected on a pleated paper filter within 
10 min. No appreciable gain of filter weight within 
this period indicates dust concentrations below 0.02 
mg. per cu.m., which is considered negligible. The 
pleated filter is analyzed for total contamination by 
direct gravimetric analysis, filters are weighed before 
and after sampling, and the concentration of con- 
taminants in the air is calculated from the weight 
gain for a measured volume of air, Weighing dif 
ficulties due to adsorbed moisture on the large-surface 
pleated cellulose filter are mininuzed by weighing at 
110°C ina modthed textile balance, using filter blanks 


to correct for humidity variations 


Separation of Components of Textile Dusts 


\ study of the hterature indicates that it is desir 
able from hygienic considerations to separate the 
components of cotton textile dust. The contami 
nants can be divided into three groups: (1) cellulose 
from air-borne cotton fibers (lint); (2) organic 
trash, consisting of organic materials other than cot 
ton lint and principally from leaf, seed, and plant 
fragments; and (3) imorganic dusts from soil and 
materials carried by raw and baled cotton from the 
fields and the gin, and dusts picked up during shtp- 
ment. Further separation of these materials is dif- 
ficult and unnecessary 

These three components are also convenient tor 
engineering studies of the cleaning efficiency of tex- 
tile processing machines. A large portion of ior- 
ganic dust is removed from the opened cotton bale 
by shaking and handling. However, lint and organic 
trash are difficult to separate because of the tenacious 
nature of cotton fibers, which enmesh short linty 
fibers and the large organic or “pepper trash” par- 
ticles \ machine which is efficient in eliminating 
inorganic dusts may be inefficient in removing or- 


game trash or tine lint. Air analyses in the vicinity 
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Fic. 1. Filter-stripping a 
of machine operations and analysis of the cotton en 
tering and leaving a machine may thus be used to 
ascertain the amount and the nature of air contami 
and the 
performance. 


nation efficiency of the machine cleaning 

\nother separation is made in air samples taken 
in weaying rooms, where spun cotton yarn, previously 
treated with sizing materials, 1s woven into cloth 
Almost all organic trash and inorganic dust have 
already been eliminated and atmospheric contamina 
tion is from short cotton fibers called “fly” and small 
particles of sizing or starch. Here it is possible to 
separate the fly from the size particles 

Analysis for each of these components (organi 
trash, inorganic dust, cotton, and starch) can be car 
ried out on air samples, using single pleated filters 
Starch is not usually determined except in weaving 
room samples. With this exception, analysis for two 
of the components permits evaluation of the third by 
difference, since the sample is separated into three 
parts 


Analysis for one component often interferes with 


CROSS SECTION 


pparatus and sampling needles 


analysis for other components and corrections are 
necessary. Organic trash contains cellulose ; hence, 
analyses for cellulose (cotton) must be corrected by 
deducting the amount of cellulose present mm the or 
ganic trash. Similarly, organic !vash contains mot 
ganic materials, requiring a correction in the analysis 


tor morganics 


Filter Stripping 


Samples for analysis of the three or four groups of 
contaminants are obtained from the pleated filters by 
air-stripping with a small funnel-shaped device (Fig 
ure 1) similar to an air-sampling filter funnel unit 
[4]. This unit is made of aluminum and a ceramic 
filter, Flat 
rubber rings on each side of the disc are used as 


alundum disc * is placed inside as a 


gaskets. The large-sized hypodermic needle (No 
14) on the inlet is used to traverse the top edges and 
the depressions of the filter. A needle with a side 
opening is attached to the funnel for traversing the 


* Norton Company, porosity RA 98, 1) in. in diameter and 


| 
Z 
is 
| 
| 
4, 
|. 
| in. thick 
a 


TABLE I KeSULTS OF STRIPPING 


Filter No. 223° 


Sampk 
Method of stripping % ash 
Method 1 28.7 
Stripping filter with vo. 14 needle and needle | 


Method 2 32 


Suipping filter with No. 14 needle 


with wick openings 
Stripping cut and stretched flat filter with 

No, 14 needle (Method 3 28.7 
Stripping cut and stretched-flat titer with 


large vacuum-cleaner unit 


weight of sample on pleated biter (g 
Ash (Methexl 2 


error (see text $3 


corrected for maximum 


* Samples collected on filters No. 224 and No 


sides of the filter pleats. A small vacuum pump con 
nected to the funnel nipple draws air through the unit 
when the needle inlet is placed agamst the pleated 
filter surface. The material removed is deposited on 


the alundum dise in the funnel. For each analysis, 
two opposite segments (pie shaped ) representing 
to | of the filter area are stripped with both needles 

The sampling funnel, dise, and gaskets are weighed 
on an analytical balance to the nearest 0.1 mg. betore 
and after stripping, the difference in weight repre 
senting the weight of the stripped sample. The unit 


is dismantled and the sample ind dise are transterred 


to a beaker or crucible for the appropriate analysis 
tor 


Accuracy of determinations inorganic dust, 
organic trash, and cellulose percentages 1s dependent 
upon the composition of the stripped sample when 
compared to the original sample from the pleated 
filter. 


of the original sample remained on the filter after 


Preliminary tests revealed that small amounts 
stripping. This unremoved material can create an 
error in the stripped sample :f its composition differs 
from that of the original sample. The inorganic por 
tion might exhibit: greater imbedding power than 
either organic trash or cotton fibers because of smatler 
particle size and greater density. A stripped sample, 
therefore, may indicate a lower ash percentage and 
greater organic and cotton percentages than the origi 
nal deposit on the filter 

Tests were made on four pleated filters containing 
typical cotton textile dusts collected in various yarn 
mill operations in order to determine this error and 
to make any corrections necessary for satisfactory 
results 

In the first tests ash determinations were made 
using three stripping methods on each filter to deter- 


mine the desirable procedure. In some cases, ash 


Tests FoR ANALYSIS OF 


225 were from the 
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Corton Dust Components 


Filter No. 225* 
Filter 


Filter No, 246 
Sample Filter 
ash 


1.66 


Filter No. 245 
Filter 
ash) 
2.32 


Sample Sample 


ash 


49.3 


% ash 


19.0 1.64 


O4615 0.5645 


44.6 $8.7 


sou 


determinations of the completely stripped pleated filter 
were made, The true ash content of the pleated cel- 
lulose filter was known; hence amounts of inorganics 
retained by the filter could be evaluated. The first 
method involved stripping the pleated filter with only 
the No. 14 needle. 


tory for the tops and bases of the pleats but unsatis 


This technique appears satisfac- 


factory for the sides of the pleats since the needle 
opening cannot be placed flush against the filter 
surface 

In another method the No. 14 needle was used for 
the tops and bases and the other needle (with side 
The third method consisted 
of stripping the pleated filter after it had been cut 
and stretched out in a flat position with the No. 14 


opening) for the sides 


needle. By this procedure, the inlet to the needle 
can be placed flush with the filter surface at all times. 
Finally, a similar section of each filter was cleaned 
with a large vacuum cleaner unit, which is the best 
possible stripping method. (The large volume of 
air handled in this case did not permit collection of 
The 


cleaned filter was then analyzed tor percent ash to 


a sample and subsequent ash determinations. ) 


determine amounts of inorganic material retained 
under these optimum conditions. 

The results of these tests are presented in Table I. 
The ash percentages determined by all three methods 
Strip- 
ping of the intact filter with only a No. 14 hypodermic 


are in good agreement for each stripped filter. 


needle leaves large amounts of morganics. Visual 


observation of these sections revealed noticeable 


amounts of sample, mcluding organics which were 
not removed by this method. The ash values ob- 
tained for filter sections cleaned by the other methods 
of stripping, including high-volume vacuum strip- 


ping, agree well. Since the known filter ash content 


12 
4 Filter 
i 
29.9 1.40 18.8 1.40 48.2 1.51 
1.31 1.41 1.42 
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is 1.200%, none of the methods used removed all of 
the deposited material 

The procedure employing both needles on the in- 
tact filter is preferable since the filter is not destroyed 
and 1s suttable for re-use after cleaning 

Although the ash percentages in the sample ob 
tained with the different methods are in agreement, 
a Significant error may result if the retained material 
The 


magnitude of such an error is difficult (if not impos 


is not of similar composition to that stripped 
sible) to determine. The maximum error, however, 
can be estimated by considering all possible sources 
This 


interpreting the sig 


of errors and their mathematical relationships 
information is important in 
nificance of the stripped-sample analyses 

The percentage difference between the filter-paper 
ash after stripping of a sample and the known ash 


This 


value represents the inorganics not removed from the 


content of new filters is approximately 0.25% 


filter by stripping. If all of this amount of material 


is assumed to be iorganic, it represents the maxi 


mun error, 


Since the average weight of a clean 


pleated filter is 8.0 g., 0.25°% is equivalent to 0.0200 


g. of inorganics retained per pleated filter. The ash 


weight of a stripped sample would therefore be equal 


to the determined weight plus 0.0200 g. times the 


stripped fraction. This fraction is determined by the 


weight ratio of the stripped sample to the total mate 


rial weight on the filter, In this determination it is 


assumed that the total air-borne sample was dis 


tributed uniformly over the pleated-filter surface 


This assumption appears to be justified by the con 
sistency of the ash percentages presented in Table | 

Stripping tests made on a clean unused filter 
that a 


removed by stripping 


showed small amount of cellulose tibers is 


The average amount removed 


was 10 mg 


per filter. Since the filter ash is only 


1.2), any filter-paper fibers removed were considered 
to be volatile and to add no significant amount of ash 


to the sample The weight of sample obtained by 


stripping, however, must be corrected for this. re 


moved cellulose and the unremoved ash. The true 


weight of sample for a section of stripped filter, there 


fore, equals the determined weight plus the weight 


of the retained sample less the weight of the removed 


fiiter-paper fibers The equation for determining the 


ash traction as corrected for maximum error (as 


suming retained filter material only inor 


ganic) os 
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Ash fraction (for maximum error) 


ash wt. + (0.0200)(SFF*) 
sample wt. + (0.0200 — 0.0100)(SFE) 
ash wt. + (0.0200)(SFF) 
sample wt. + (0.0100)(SFF) 


Che material retained by the pleated filter probably 
contains some fine organic dust in addition to inor- 
ganic. The true ash percentage then has a value 
between the uncorrected amount and the ash per- 
centage corrected for maximum error, 

Although the ash value corrected for maximum 
error does not yield the true amount in the sample, 
it is important in determining the significance of the 
deter 
mined ash percentage is indicated by the difference 


uncorrected ash value. The reliability of a 
between the uncorrected values and the values cor- 
Results should include 
Table I. 


By using this correction method, it is possible to 


rected for maximum error. 


both values, as shown in 


predict the sample size required for the desired 


accuracy Calculations were made with different 


weights of samples containing various ash percentages 
obtained theoretically from stripping quarters of fil- 
ters, 


2.5 mg. of cellulose were added to the stripped sample 


Five mg. of ash were retained by the filter and 
weight. Uncorrected ash percentages were calcu- 
lated and ratios of percent ash for maximum error 
to uncorrected percent determined for each case 
This ratio, or correction factor, multiplied by the ash 
percentage uncorrected (determined ) gives the max1- 
mum-error ash percentage. Figure 2 presents cor- 
rection factors for ash percentage (maximum error ) 
The 


weight values in parentheses represent total amounts 


for many different stripped-sample weights 


collected by the pleated filter. For determination of 


ash ina given air sample with a desired maximum per- 


centage error |‘ error (correction factot 1) x 
100], the amount of sample required can be estimated 
if the approximate minimum ash in the air is known. 
For a maximum error of 10° with a minimum ash 
percentage in the air of about 40, 


sample should be at least 0.400 g 


the amount of 
The result ob- 
tained, however, should be corrected for by the above 
formula to give the uncorrected and corrected-for 
maxunum-error ash values. 

Krom the analytical results of many samples, the 
determined ash percentage (uncorrected) is believed 
to be closer to the true ash value than the percentage 
ash corrected for maximum error 


Stripped fiter tract: 
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The organic trash and cellulose percentages are 
also subject to possible error from incomplete strip- 
ping. The magnitudes of these errors, however, are 
probably lesser, and certainly not greater, than those 
obtained from ash. The percentage of ash is the 
simplest and most accurate determination of the three 
components and its evaluation indicates the range of 
error for the others 

Correction for interferences and evaluation of all 
three components require analysis of two of the three 
components. Ash and either organic trash or cellu 


lose determinations are always made on samples 
stripped from a given pleated filter for estimation 
of the © mponents 


Analysis to Determine Components 


Inorganic Dusts 


This determination ts based on the assumption that 
at ignition temperature for organic material the in 
organic dust is non-volatile and equal to the ash 
weight. For the mineral dusts encountered in baled 


cotton, which contain only small amounts of car 
bonates and sulfides, this assumption does not intro 
duce significant errors 

The weighed stripped sample collected on a pre 
ignited alundum dise, as described above, is placed in 
a pre-ignited Vycor crucible (50 ml.) with all the 
sample \ camel’s-hair brush is used to transfer 
traces of material which adhere to the stripping funnel 
walls and gaskets. The crucible and its contents are 
weighed and the sample is ashed by conventional 
After cooling 


procedures. in a desiccator for 2 or 


more hours the crucible is reweighed. From these 
weights the percentage ash 1s computed 
Interferences.—Ash from cotton cellulose is less 
than 0.1% and is therefore negligible. Organic trash, 
however, contains appreciable ash, which amount 
must be deducted from the above determined total 
ash to give the correct percentage of inorganic dust 
in the sample. For the determinations reported 
here the ash in organic trash was obtained by ashing 
several representative samples of organic trash fror 
machine-picked cotton which had been washed (de 
canted) several times with an inert solvent (CCI, ) 
to remove all inorganic dust particles. The ash per- 
centage of such organic trash was approximately 
10% 
ash value is corrected by deducting 10% of the weight 


This 


For practical purposes, therefore, the weighed 


of the organic trash in the pleated-filter sample 
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correction requires evaluation of the fraction of or 
ganic trash in the original pleated-filter sample 


Organic Trash 


| the deter 


mination of organic trash in the stripped filter sam 


Two procedures can be employed tor 


ple. One method is based upon the color formed 
when organic trash, principally leaf, is allowed to 
25°C) in CO% 
sulfuric acid (concentration by volume) for a period 
of 1 hr 
nitrogen in trash by means of a microkjeldahl method 

Trash Color Method 
rectly, a procedure was developed which employs 


When 


applying this procedure, it was observed that 60% 


stand at room temperature (20° to 
The other method utilizes determination of 
In determining cellulose di 


sulfuric acid as a solvent for the cellulose 
sulfuric acid by volume gives complete solution with 
out developing any reaction color trom the cellulose 
unless heat is added or the sample stands for a con 
It was also noticed that raw cotton 


trash treated 


sick rable per 


which when with 


organi 
sulfuric acid (under the same conditions) de 
veloped a yellow-brown color in a short time. Tests 
indicated that this vellow-brown color was attribut 
able not to the amount of cellulose contained in the 
organic trash but to compounds leached from the 
The 
amount of color developed was tound to increase sig 
Standard 


curves were prepared using particle-sized organic 


trash which perhaps reacted with sulfuric acid 


nificantly with smaller trash particles 


trash. When the particle size was < 325 mesh 
(< 444), a reproducible curve was obtained. It was 
also observed that this color obeyed Beer's law 


Maximum absorption occurs at 
410 $20 
In order to use the trash color method as a quan 


a wave length of 


titative procedure for leaf or orgamic trash in air 
borne samples, it 1s necessary to take bulk raw cotton 
samples from the process under study and hand-pick 
a large number of leaf and orgamic particles. These 
particles are then ground to pass a 325-mesh screen 
\ razor blade or sharp instrument can be used to 
Most of the parti 


\ sample of this 


cut fragments into small pieces 
cles are dry and crush readily 
material can then be dried and weighed \s an 
alternative source, organic trash obtained from final 
leavings in pickers or other cleaning machines used 
for the cotton under investigation is suitable if cotton 
are absent and if an ash determination of the 


The 


fiber 
true 


made. 


325-mesh screened trash is 
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amount of organic trash im the sanyple ts equal to 


the fraction volatile (1 fraction ash) divided by 0.9, 
since 90% of organic trash is volatile. Trash trom 
the latter source is preferred because it is more rep- 


resentative than trash from hand-picking, and the 


. method is simpler and requires less tune 
ule Phe following procedure was adopted for colori 
metric determination 
1 1. A weighed sample is soaked in cold 60° sul 
furic acid for 1 hr. and then filtered with suction 
through a dry, sintered-glass filter. The acid should 
he prepared at least 2 days before use since it appar 
ently is not stable until the second day 
2. An aliquot, depending upon the color density, 1s 
bt made to 7 mi. volume with 60° acid, mixed, and 
read on a photoelectric colorimeter at a spectrum 
de hand of 410 to 420 mye. We used the Coleman Model 
7 11 Speetrophotometer or the Klett-Summerson col 
ormeter with a blue (No. 42) filter 
3. The amount of organic trash is determined from 
y an appropriate standard curve prepared trom weighed 
amounts of trash 
4 The maximum amount of sample that can be anal 
7 yzed depends upon the amount of color produced by 
m a given amount ot the type ot trash With this 
method we found that 1.2 mg. of organic trash per 
ml. of 60°) sulfuric acid produces maximum color 
scale in the Klett-Summerson colorimeter at 420 my 
The sensitivity of the procedure is 20 to 40 yg. of 
eal oF Organic trash per mil. of acid solution The 
chret difficulty with the leaf-color procedure is that it 
Fi requires a standard curve for each type of cotton used 
. in the textile plant. Blended cottons may be used, 
however, within reasonable limits ) tor deter 
mining orgamic trash mull ai samples 
| In performing analyses from filter air samples 
&=s stripped material collected on the alundum dise is 
4 | placed in a beaker and a measured amount (2-5 ml 
of sulfuric acid is added. The solution is gently 
stirred until it is apparent that the surtace of the 
| filter is completely wetted, and then allowed to stand 
i 1 hi \iter filtering, an aliquot is made to 7 ml 
with 60) sulfuric acid, as outlined above The per 
1 | centage of orgame trash can be computed trom col 
| ormmeter readings 
Interferences: Since cotton and inorganic dusts 
produce no color m cold OO°% sulfurie acid for over 
a period of 1 day, no interference results. The in 


fluence of particle size and orgamic-trash color, how 


ever, makes the one 


an approximate 


| |! 
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Method 


trash by analysis of amino nitrogen is based upon the 


Vitrogen The determination of organic 
fact that cotton is principally cellulose and ordinarily 
contains neghgible amounts of nitrogen, whereas leaf 
and organic trash contain a considerable proportion 
We have found, however, that cleaned raw cotton 
may contain up to 0.175% nitrogen, with an average 
of 0.12%. 


protoplasm 


Apparently this nitrogen is from the cell 
In analyzing cotton samples, the deter- 


mination of trash by nitrogen evaluation may require 


large corrections because ot the large amount of cel 
lulose in relation to trash content. Where amounts 


of leaf and organic trash are a large percentage of 
the total sample, as in air samples, this error is insig- 
nificant \ 


purpose is a modified microkjeldahl analysis 


this 
The 


trash sample is oxidized in boiling concentrated sul- 


satistactory nitrogen method for 


furic acid to which a few drops of hydrogen perox- 


have been added 


ide The amino compounds are 
converted to ammonia, which is determined colori- 
metrically by means of Nessler’s reagent. This is an 
extremely sensitive colorimetric procedure and small 
amounts of are easily determined. 


amino nitrogen 


\mounts as small as 1 pg. per 7 mi. of solution can 
he determined with the Klett colorimeter. 
The nitrogen method for air analysis is as follows 
Take a stripped sample with an alundum filter dise 
as for ash determinations and obtain its stripped 
weight. The dise and collected sample are placed in 


a beaker and exactly 5 ml. of concentrated sulfuric 


added 


solve the sample and a few drops of 30° 


acid are The beaker is heated gently to dis- 
are 
then added to clear the solution. Clearing is neces- 
sary in order to observe when the sample is com 
pletely dissolved. The digestion is continued and 
more peroxide is added if necessary until complete 
solution is obtained. After cooling, pipet 1 ml.* into 
a 30-ml. pyrex test tube. Apply heat slowly with a 
nneroburner until dense white fumes appear. This 
\llow the tube to 


for about 20 sec. and add 30° hydrogen perox- 


solution will be deeply colored 
cool 


ide, dropwise, until the solution becomes clear and 


colorless 


If color returns, repeat the oxidation until 


] 


clear. Cover the test tube with 


Allow 


the solution is again 


watch glass and boil gently for 2 to 5 min. 


the tube to cool and transfer the contents into a 
The error introduced by neglecting the change in volume 
ition caused by peroxide addition is neghgible unless 
e thar or © drops have been added Usually 5 drops 
ent \ lareer a t mav be taken, but final acid 

entration should be close to that the standards 


ec 
| 
| 


Fesrvuary, 1950 


Dilute to 100 ml 


with water, part of which has been used to rinse out 


100-mil. standard volumetric flask 


the digestion tube, and mix well. Pipet 5 ml. into a 


colorimeter tube, and add 2 ml. of Nessler’s reagent 
‘Shake and measure on a colorimeter against a blank 
containing 5 mi. of distilled water and 2 ml. of 
In the Klett-Summerson color 
No. 42 filter with a 400 


440 inp is used 


Nessler’s reagent. 
imeter a blue range of 


A value (10 in this case) is de 
ducted from the colorimeter reading and the nitrogen 
The net 
reading is based on the value obtained trom a di 


gested blank. This should be 


when new reagents are used. An arithmetical deduc 


is then determined from a standard curve 


deduction checked 
tion from the reading is permissible since the color 
obevs Beer's law and the Klett colorimeter scale is 
logarithmic. We have found it convenient to use 
prepared Nessler’s salt obtained from scientific sup 
ply houses 

Since a total aliquot of (1/20)(1/5) 1/100 is 
used for analysis, the nitrogen in the dise sample is 
100 times that in the aliquot. Larger aliquots and 
smaller dilutions can be used to increase the sensi 
tivity. For sample weights necessary to minimize 
the possible stripping error, the suggested aliquots 
and dilutions are satisfactory for the usual amounts 
of nitrogen 

The organic trash in the sample ts ten times the 
nitrogen percentage, since it contains approximately 
10°% of nitrogen. This value in organic trash varies 
with the type and possibly the age of the cotton and 
The trash 
they 


various percentages of leaf, seed fragments, stems, 


with the composition of the organic trash 


components are also variable, since contain 


and other materials. Nitrogen in picker trash aver 
ages 5 to 6%, but this includes many ingredients not 
ordinarily air-borne. Air samples contain more than 
6% of N (one had &% }, indicating that air-borne 
organic trash contains a higher percentage of N than 


When 10% N 


organic trash is used for computation, results are 


picker material does a value of 

agreement with analyses for other constituents 
Nitrogen analysis for organic trash is preferable to 

acid. Re- 


the color procedure using 60°C sulfuric 


sults are more consistent and the method is simpler. 
We have observed in field research that there is a 
relationship between the amount of organic trash in 
ur and the incidence and the severity of cotton mill 
fever. Some investigators believe that this disease 
is caused by a foreign protein. If this hypothesis is 


correct, then amino nitrogen may be involved 


oth trash evaluation methods have the same 


tations with respect to variabilities m type and com 


position of organic trash. Nitrogen analyses, how- 


ever, are not influenced by particle-size factors 


Interferences: Significant interference is present 


in air samples of low organmic-trash content 


where there is nitrogen from cotton-fhber cell proto 
plasm. This occurs when amounts of air-borne lint 


are appreciable, as shown below with low organic 


trash and inorganic-dust contents. In such cases, 
approximate corrections can be made which wall im 
the accuracy of the results 


mately 10° 


dicate Since approxi 
of ash is present in orgamic trash and 


% of nitrogen in the clean cotton fibers, then 


organic-trash fraction in sample; 
cotton fraction in sample ; 
inorganic fraction in sample; 
nitrogen fraction in sample 
ash fraction in sample 
\nd, as constants 
0.1 nitrogen fraction in organic trash; 
0.0012 nitrogen traction in clean raw cotton 


0.1 ash fraction in organic trash 


From these assumptions we can establish the fol- 


lowing relationships 


(ash in cotton negligible 


A 0.1 X 
1 X—-Z 


(entire sample divided into 


these three « OMponents) ; 
or, by substituting equation (1) in equation (2): 
1-—09X A 
For nitrogen analyses: 


0.1)(X) + (0.0012)0¥) fraction nitrogen in 


sample (N) 
Substituting equation (3) in equation (4) 


0.001211 A 
0.0989 


High ash fractions (0.05 to 0.40) occur only with 
high nitrogen values in the sample (0.01 to 0.08) 
In these cases the percentage error introduced by 
neglecting the formula is small. For example, 2% 
nitrogen and 20° ash would give 0.1925 as the frac 
the formula and 


This 


nitrogen 


tion of organic trash (19.259) by 
0.2000 1f 105 nitrogen in trash is used alone 
3.9% Small 


values in air samples are accompanied by low ash 


results in a difference of 
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fractions and the error introduced by neglecting the 
formula in these cases can be appreciable. For ex- 
ample, 0.50 N and 2% ash would give 3.8° organic 
trash by the formula and 5% using 10% N alone as an 


index (20° 


error ) 

Calculation of the trash formula may be 
in error if the cell nitrogen deviates widely from the 
O.12% average, The error from this source is con- 
siderably less than that resulting from disregarding 
the formula. It must be noted that 10% nitrogen in 
orgamie trash is only an approximate value. Con 


sideration ¢ 


t all sources of error are important in 


interpreting the analytical results. 


The third important component of atmospheric 
dust in cotton textile plants is short cotton fibers 
Analysis for cotton is based on determination for 
cellulose, since this material is the chief component 
(< 0.1% ash, 0.08-0.1759% N 


been developed for the determination of cellulose 


lwo methods have 


One utilizes color produced on heating a sulfur 
acid-cellulose solution (acid color method) and the 
other employs a reagent known as anthrone 

leid Color Method —-Cellulose dissolves in 60% 
(by volume) sulfurte acid and gives a colorless and 
almost clear solution. On heating aliquots of this 
solution with concentrated sulfuric acid for a known 
period in bowling water, a brown color develops. The 
color depth is proportional to the amount of cellulose 
and also obevs Beer's law. Conditions of the reac 
tion such as quantities of concentrated acid, time of 
solution, and heating have been studied for optimum 
conclitions Che following pron edure was deve loped 
\ stripped sample on an alundum disc obtaimed 
from a pleated-filter sample is placed in a beaker 
A quantity of 60° sulfuric acid, the amount depend 
Ing upon the sample size and estimated amount ot 
cellulose, is placed in the beaker and allowed to stand 
for from 15 mun. to lL hr.* The amount of 60°° acid 
should be such that a 2.0-ml. aliquot contains 0,02 
O.5 mg. of cellulose. The alundum dise should be 
covered with solution, and atter the dissolving period 
the sample is filtered through a dry Gooch asbestos 
or sintered-glass filter with suction. Five mi. of 
concentrated sulfuric acid are added to a 2-mi. aliquot 


ina test tube and mixed. This solution ts heated in 


* It an analysis for orgame trash by the sulfurie acid color 


method is to be performed on the same s ton. it should 


stand for 1 hr,; otherwise, 13 to 30 min. is sufficient 
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a botling-water bath’ for 55 = 5 min. and cooled for 
The color of the solution 
is read at 410 to 420 Vie (Klett colorimeter—No. 42 


filter). The amount of cellulose in the aliquot is 


20 to 30 min. in cold water 


ascertained from a standard curve prepared from 
known amounts of cellulose in 2-ml. aliquots. It is 
important to note that standards and samples must 
not be diluted and aliquots consistent with the stand- 
ard curve should he used 

Interferences : Obviously, materials other than cot- 
In addi- 
tion, materials which dissolve in 60° sulfuric acid 


ton which contain cellulose will interfere. 


and cause color formation on standing 1 hr. to 2 hrs. 
or on addition of concentrated acid and heating will 
also interfere, Such interference results from cellu- 
lose im orgamie trash and acid-soluble substances 
causing the formation of color. Correction for this 
error is approximate and can be done only when the 
amount or the percent of organic trash in the sample 
is known. Cellulose analysis by this method on 
cotton-free organic trash yielded values from 30% 
to 38% (mean, 34°% ) for particle-sized trash (<< 325, 
200 325, 30/40 meshes ) 
from the cotton in the sample is corrected by the 
34% factor 


The cellulose determined 


The standard. curve is prepared by dissolving 
known amounts of cotton in 600 sulfuric acid and 
ilowing them to stand for 1 hr. The amounts of 
cotton dissolved are dependent upon the acid volume 
and the desired standard curve concentrations. A 
range of O to 0.5 mg. per 2-ml. aliquot was satisfac 
tory. “Pwo-ml. aliquots of each standard cotton-acid 
solution are added to 5 ml. of concentrated sulfuric 
acid, as described for sample analysis Standards 
prepared from different-size aliquots of cotton dis- 
solved in 606 acid but with the same acid concen 
tration in the final solution gave inconsistent results. 
Results were uniform and obeyed Beer's law only 
when the same volume of aliquot was used. For this 
reason, 2-m}. aliquots are suggested for both samples 
and standards 

Inthrone Method—This method depends on the 
reaction of concentrated sulfuric acid-anthrone re 
agent with an aqueous solution (or suspension) of a 
carbohydrate \ yreen color develops which under 
controlled conditions obevs Beer’s law and its depth 
is proportional to the amount of carbohydrate pres 
ent This reagent is specific for carbohydrates and 
has been used for sucrose, starch, and cellulose 


analyses 
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This procedure for cellulose and starch is detailed 
elsewhere [8], but details are presented here to 
expedite analyses. The stripped sample is digested 
(cold) for 15 to 30 min. in 60% sulfuric acid. There 
should be enough acid to cover the alundum dise and 
contain 10-200 yg. of cellulose in a 0.5-ml. aliquot 
If a residue appears, it is filtered through a dry 
asbestos mat which has been washed with 60% sul- 
furic acid and water. A 0.5-mi. aliquot is then added 
to 2.0 ml. of water and the solution is allowed to cool. 
Four ml. of a 0.1% anthrone solution m concentrated 
sulfuric acid (4 hrs. to 9 days old) is added rapidly 
from a pipet or buret. The solution 1s mixed imme- 
After 10 to 15 
min., the tube is cooled in cold water 


diately and allowed to cool in air 
A reference 
blank containing 2.0 ml. of distilled water, 0.5 ml 
of 60% sulfuric acid, and 4.0 ml. of 0.1% anthrone 
reagent is treated similarly. Standards are prepared 
from 0.5-mil. aliquots of known amounts of cellulose 
in 60% sulfuric acid and treated similarly. The sam- 
ples are read on a photoelectric colorimeter at 
625 mp. From these readings and a standard curve, 
cellulose concentrations are determined. 

Since anthrone reagent exhibits changing sensi 
tivity on standing any length of time, one or more 
standards must be prepared for each group of analyses 
to determine the slope of the standard curve which 
follows Beer's law. Beer's law is obeyed for anthrone 
solutions 4 hrs. to 9 days old. The heat of mixing 
of concentrated sulfuric acid and the carbohydrate 
solution or suspension is a necessary factor in the 
reaction. The cooling technique described above 
gives consistent results 

Interferences: Carbohydrates soluble in 60° sul 
furic acid will interfere. These include cellulose 
and possibly other carbohydrates contained in or 
ganic trash or, in the case of weaving-room air sam 
ples, starch from sizing materials 

Starch can be removed by aqueous extraction 
(boiling with distilled water and filtering through 
The filtrate 
The filter residue 


a sintered-glass or an asbestos filter) 
can be used for starch analysis 
can be analyzed for cotton by digesting it for 15 to 
30 min. in cold 60° sulfuric acid and retiltering to 
remove asbestos fibers and other insoluble material 

Interference from carbohydrates of organic trash 
can be evaluated by utilizing trash analysis for cellu- 
lose. The amount of organic trash and its percent 


cellulose content should be known. Cellulose im in- 


organic trash determined by the anthrone procedure 
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showed values of 20% to 21.9% (mean, 20.6% ) for 
the particle sizes studied (< 325, 200 325, 30-40 
meshes). The value for cellulose determined by 
analysis is therefore corrected by using the 20.6% 
value. 

The anthrone procedure is preferable to the sul 
furic acid color method because of its greater con 
sistency and accuracy. Correction for organic-trash 
interference is subject to. smaller error because oft 
relatively constant amounts of cellulose in organic 
trash determined by the anthrone procedure, Inter 
ferences in the anthrone procedure are considerably 


less than those present in the acid color method 


Starch 


The starch-analysis method ts similar to the cellu- 
lose-anthrone method Since starch ts usually ac 
companied by cotton linters, a separation must be 
made (Testing of weaving-room air samples re 
quires this additional procedure 

The stripped sample and dise are boiled in distilled 
water to dissolve starch (cellulose, which is insoluble, 
remains undissolved). After cooling, the solution ts 
filtered through a fine-pore sintered-glass or asbestos 
filter. More water ts added to the beaker contaming 
the disc, and the liquid is again boiled and filtered 
This step ts repeated until all the starch ts present m 
the filtrate 
acid and analyzed for cellulose. The filtrate is made 
The final 


volume should be adjusted so that a 2.0-ml. aliquot 


Phe residue is then digested with 60% 
to known volumes with distilled water 
contains 10-200 yg. of starch. This aliquot ts treated 
with 4.0 ml. of 0.1% anthrone-sulfurte acid reagent 
(4 hrs. to 9 days old) added rapidly from a prpet or 
buret. The solution is mixed immediately and al 
lowed to air-cool, After 10-15 min., the tube is 
cooled in cold water. A reference blank containing 
2.0 ml. of distilled water is treated similarly At the 
same time one or more 2.0-ml. starch standards 
(100 pg. is suitable) are also treated. Samples and 
standards are read at 625 mp in a photoelectric col 
orimeter, as in the case of cellulose determinations 
Interferences.—-Cotton interferes, but it would have 
been removed by the initial separation. (Cotton con 
tains‘ approximately 1°% of water-soluble carbohy- 
drates.) Interferences from leaf or organic trash 
are not significant since weaving room air samples 
contain only clean cotton fibers and slight traces of 
organic trash. Water-soluble carbohydrates from the 
small amount of organic trash potentially present 
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TABLE Tl. Metitops ror Asatyzine Corton 
CONTAMINANTS IN AIR 
Contaminant Method Interference 
Inorganic dust \sh determination Ash in organic trash 
Organi trash Direct color with None 
60° 
Organic trash Nitrogen determina Nitrogen im cotton 
tron tiber in samples 
oft high cotton 
content (>90% 
Cotton Sulfuric acid color Color contributed 
method by organic trash 
Co i Cellulose determina Carbohydrates 
tion with anthrone from organic 
trash 
Starch Starch determination None 


with anthrone 


would be very small. COrgame trash contains ap 
proximately 3* of hot-water-soluble carbohydrates, 


based upon the anthrone reaction. } 
Pable IL presents in outline form the methods of 


analysis and their interferences which have been 


ah ed above 


Evaluation of the Components of Air 
Contaminants 


Starch is present only in weaving-room air samples 


and no imterferences exist Cellulose determinations 


in these samples are free from mtertferences, since 


organic-trash contamination is absent or negligible 
\ir samples taken at the other yvarn-muill operations 


preceding (except sizing operations, where 


air samples are unnecessary) do not involve starch 


only the 


sicle red 


henec other three contamtnants are con 


\nalysis for imorgamic dusts (ash) is the simplest 
and most accurate method for evaluating the 
\nalvsis 


tor one other mponent (organs trash, or cotton) 


com 
ponents of air samples from pleated filters 
third may 


permuts evaluation of all three, since the 


be determined by difference 


addition to 


inalyze in 


method of 


chowe of the other contaminant to 


inorganic dusts and of the 


analysis is governed by certain factors. Obviously, 


selection of a method in which no interferences would 


be encountered would be best Hlowever, analysis 


for orgame trash by color in 60°) sulfurte acid is the 


interterences But this method 


only one without 


gives low accuracy because of particle-size 


and variations in the type and the composition of 
orgame trash. If analvsis for organic trash is de 


influence 
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sired, nitrogen determination has proved to be the 
Where the 


trash ts presumed to be high, analysis for cotton is 


most satisfactory. amount of organic 


preferable since greater over-all accuracy can be 


obtained. If both analyses give the same percent 
accuracy, determination of the component compris- 
ing the smaller percentage permits greater precision 
in determining the other component if it is obtained 
by difference. For analysis of cotton, the anthrone 
procedure is the most satisfactory. Interferences en- 
countered with this method can be more accurately 
corrected for than those of the acid color method. If 
possible, analysis for all three components ts recom 
mended asa chec k procedure. 


The values for the components determined by the 


inalvses (ash, 


nitrogen, cellulose percentages) are 
calculated from formulas, as follows 
the 


nitrogen-interference corrections and adding 


Using symbols and values given above for 


Ce fraction cellulose in sample 
and 
0.21 fraction cellulose in organic trash (an- 
throne procedure), 
the following equations are obtained: 
Z+01X A (all ash from inorganic dusts 
and organic trash); 1) 
Y+ V+ Z = 1 (three-component sample); (2) 


0.1 ¥ + 0.0012 } V (all nitrogen in organi 


trash and cotton); 4) 
0.21 Ce (all cellulose in cotton and 
organic trash). 5) 


If analvses for ash and nitrogen are made, then 


Z A —0.1X; 3) 
1 A 0.9 X; 


\ 0.0989 VY + 0.0012 (1 — A). 


Solving for the components 


Organic trash) 10.11 .V — 0.012 + 0.012 A; 
Inorganics Z 0.999 A + 0012 1.01 N; 
Cotton) 7 1.011 1.011 A — 9.10 N. 


Fractions of organic trash, cotton, and inorganic 
be evaluated from the above formulas 


dust can 


from ash and nitrogen analyses. If analyses for 
ash and cellulose are made, then, by solving for the 


components 


Cotton) V Ce — 0.304 (1 — Ce 
Inorganics) Z=A-—O145(1-—A - 
trash) Y 1.449 (1 — A — Ce) 


Ce); 


Organ 
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Hand sampling pump and alundum filters 


Organic trash, cotton, and inorganic dusts can be 
evaluated by the above formulas from ash and cel 
lulose analyses 

It is suggested that analysis for three components 
(ash, nitrogen, and cellulose) be performed occa 
sionally and that the contaminants be evaluated by 
both sets of formulas. In this way, changes in for 


mula constants may be revealed by discrepancies 


between the two methods. Such discrepancies can 
then be corrected by determining correct constants 
for the cotton being processed. Important constants 
are those for percentages of nitrogen, ash, and cellu 


The 


apparently fairly constant in most cases and varia 


lose in organic trash ash and cellulose are 
tions in nitrogen are probably responsible for any 


discrepancies. The correct nitrogen value may be 
obtained indirectly from the total composition by ash 
and cellulose analysis 

Accuracy of results is best indicated by analysis 
for the three constituents (ash, cellulose, and nitro 
gen). Significance of the results can be determined 
by considering the stripping errors discussed pre 
viously 

Inefficiency in filter stripping ts responsible for 
errors in ash determination and also produces errors 
in evaluation of the other contaminants. The inor 
ganic material retained by the pleated filter reduces 
its calculated percentage and increases organic trash 
and cotton values in the stripped sample. Percent- 
ages of cotton and organic trash from stripped-sample 
analyses are therefore higher than those present in 
the original pleated-filter sample. Exact evaluation 
of these fractions is difficult, and not possible by the 
methods described above. Determination of maxi 
mum error, however, as in ash determinations, per 
mits interpretation of the significance of the values 


obtained for fractions of cotton and organic trash 
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Maximum error ts based on the assumption that 
all filter material retained is inorganic, It was shown 
that some filter cellulose was removed by stripping 
This col 


is low im ash, creating in 


and represents part of the removed sample 
lected sample, therefore, 
creases in orgamic trash and cotton. Because of the 
filter cellulose removed, the determined “cotton” im 
the sample is increased additionally. Data presented 
above show that 0.0200 g. of ash can be retained on 
the pleated filter while 0.0100 g. of cellulose on the 
hiter 


may be removed by 


stripping. The sample 
weight corrected for maximum error equals the ac 
tual weight plus retained inorganics less cellulose 


fibers removed 


Sample weight + (0.0200 — 0.0100) 


stripped filter fraction (SFE) 


Weights of sample components corrected for maxi 


mum error can be arrived at similarly 


inorganic wt. + 0.0200 (SEE) 


0.01 (SFI 


Inorganic traction 
sample wt. + 


trash wt 


organ 
Organic trash fraction 


sample wt. 4 


cotton wt 


0.01 


SFE) 


C otton traction 
sample wt. 4 


In order to determine the traction components tor 
maximum error, it is necessary to know the weight 
of the sample, of the stripped filter fraction (SFF), 
and of the components. The sample weight is known 
from analysis of the components. The stripped filter 
fraction is equal to the sample weight divided by 
the pleated-filter sample weight. The weight of the 
components is determined from the uncorrected frac 
tion and the total sample weight. The third com 
ponent is corrected for maximum error by difference 

The composition analyses of atmospheric contami 
nants should include uncorrected values and results 
corrected for maximum error. From this informa 


tion, the significance of the results can be seen 


Sampling for Specific Air-Borne Components 


Sampling for specific components in air can be 


made directly 


when dust concentrations are high 
Air collection is made by a hand pump (600 ml. per 
stroke) modified from the welding fume sampler de 
scribed by Silverman and | ge [5] This apparatus, 
shown in Figure 3, was modified by placing a rubber 


flap check valve in the inlet and providing a holder 
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ALUNOUM mitting short sampling periods and gravimetric anal- 

———_2%__ ysis for total contamination. Representative samples 
for analysis of components are obtained from the 


filter sample by means of air stripping. The stripping 


a ee technique is fully described, including stripping e 
EQUALLY SPACED echniq ue u pping errors 
ie and their significance in the results. 

Chemical determinations and the evaluation of the 


above components are presented. A discussion of 
a the advantages and disadvantages of the methods 
cited and their interferences are included. 
Grab sampling for specific components is also 


discussed 
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determinations are obtained with sufficient accuracy Method for Lead Fume Collection, J. Ind. Hyg ; 

Toxicol. 25, 185 (1943) 

by this method, using the nitrogen method of analy- id 


Silverman, L., and Ege, J. F., Jr., A Welding: Fume 
Sampler, J. /nd. Hyg. Toxicol. 26, 22 (1944) 


analyses and determination of cotton by cellulose are — 6. Silverman. L.. and Viles. F. J., Jr., Progress Report 


sis, Determinations of inorganic materials by ash 


only approximate. The Lucite sample holder shown on Ventilation for Cotton Textile Processes, 

fing rf ange QR 

& in Figure 3 is used for carrying clean discs into the Heating and Ventilating (Ref. Sect.) 44, 34 
(1947) 


held, and small aluminum weighing dishes with 


7. Silverman, L., and Viles, F. J., Jr... High-Volume 
‘Sampling and Filter Weighing Method for Cer 
tain Aerosols, J. Ind. Hyg. Toxicol. 30, 124 

1 Summary ( 1948) 

Viles, F. Ir. and Silverman, L., Determination ot 
Starch and Cellulose with Anthrone, dual. Chem 

in cotton textile mulls is desertbed and classitied into 21, 950) (1949) 


covers are used tor collected sample s 


The nature of air-borne contamination encountered 


. three components > inorganic material, orgamic trash, =” Webb, R. W.. and Richardson, H. B., Relationships 
Between Properties of Cotton Fibers and Per 
centages of Wastes Associated with the Manufac- 
ture of Carded Yarns, Prelim. Rept., U. 5. Dept. 


and cotton. Starch particles from = sizing materials 


constitute a fourth component nm weaving-room ait 


samples of Agr., Prod. and Marketing Admin., Cotton 
\ur samples are collected on a pleated cellulose Branch, Was! ington, DP. July, 1946 
hlter at a high sampling rate (70 cu. ft. min.) per Manuscript received August 11 
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Water-Impermeable, Water-Vapor-Permeable 
Coated Fabrics 


Development of a Waterproof Coated Fabric 
Which Transmits Body Perspiration* 


George E. Martin,+ Harold S. Sell,t and Bruce W. Habeck f 


Introduction 


The limitations of rubberized coated fabrics, plastic 
films, or plastic-coated fabrics for use in rainwear 
While such mate 


rials afford effective protection from the rain, 


apparel have long been recognized 
their 
very limited ability to transmit body perspiration 
away trom the wearer results in the problem of heat 
Inuld-up on the inside of the impermeable garment, 
with resultant sweating and chilling 

The following discussion deals with the research 
work and the laboratory and field testing involved 
in the development of a coated fabric to meet the 
need for a water-impermeable, water-vapor-permeable 
fabric 


Background 


L.. Woodworth at 
the Quartermaster Climatic Research Laboratory 


:xploratory studies by C 


Lawrence, Mass., were carried on to determine the 


limits of water-vapor permeability necessary im a 
fabric for comfort His work showed that in order 
for a water-impermeable, water-vapor-permeable fab 
ric to be practical, its ability to transmit mortsture 
vapor would have to approach closely that of an 
uncoated fabric. As a result, the first attempts to 
produce a water-impermeable, water-vapor-permeable 
fabric centered around the improvement of the water- 
resistance of the various water-repellent-treated fab- 
attack to 


While excellent moisture-vapor trans- 


rics. Extensive work showed this line of 


he difficult 
mission rates could be obtamed with this type of 


treatment, no successful method could be found to 


nions expressed herein are those of the 


authors 

and are not to be construed as the official view of the Quat 

termaster Corps or the Department of the Army 
+ Chemicals and Plastics Section, Quartermaster 


Laboratories 


Research 


t Chemical Products Development Division, The Goodyear 


Tire & Rubber Company 


develop a hydrostatic head of 75 cm. of water at the 


his hydrostatic head, held for 5 min. on 
the Suter Hydrostatic 


same time 
Head Tester, is the minimum 
re quire ment for waterprootness 


Having exhausted the possibilities in the above 


line ot attack, the next approach seemed to be to 


develop in the waterproof rubberized coatings the 


property of transmission It 


immediately recognized that in order to achieve this 


momture-vapor was 


end it would be necessary to incorporate into the 


would 


‘| accomplish this 


coating channels which transmit moisture 


Vapor without destroying the 
waterproofness presented a most difficult: problem 
Mechanical or electrostatx perioration of the coated 
fabric destroyed the waterproofness, while improving 


only slightly the fabric’s ability to transmit moisture 
vapor 

The first method developed as a means of trans 
mitting moisture vapor through a rubberized fabric 
was the incorporation into a rubber matrix of porous 
pigment in such a manner that the pigment particles 
would touch each other This would allow moisture 
vapor transmission through the coating from particle 
to particle of the pigment. In further development 
of this theory, a number of porous pigments were 
studied. Consideration was given to such properties 
as low density, low thermal conductivity, fireproot 


ness, and mildew-resistance The porous pigment 


finally selected had all of the above properties but 


was highly hydrophilic. Since it was planned to use 
this 


highly hydrophilic pigment would coagulate the latex 


a rubber latex as a binder, it was known that 


In addition, a hydrophilic pigment in an open coating 


would absorb relatively large quantities of water 
Therefore, the pigment was subjected to a silicone 
treatment, making it hydrophobic, and this treated 
pigment was then incorporated in the rubber latex 


Coated fabrics were produced on a_tenter-frame 
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spreader and showed some measure of moisture 
vapor transmission, 

Attempts were made to measure the air permeabil 
ity of these moisture-vapor-permeable fabrics [1] 
The values obtained were below the lower limits of 
the Den 


someter or the Frazier Permeameter. Because rela 


such conventional apparatus as Gurley 
tively high rates of moisture-vapor transter had been 
obtamed on these fabrics, tt was concluded that there 
was no relationship between air permealnility and 
meoisture-vapor permeability for this type of fabric 

The development of a water-impermeable, water 
vapor-permeable fabric having shown some promise, 
a research contract was let to the Chemical Products 
Development Division of The Goodyear Tire & 
Rubber Company. 

\fter experiments with various latices and pro 
ct ctron procedures, coated fabric s were produced on 
large-scale equipment, using the silicone-treated po 
rous pigment and a synthetic rubber latex.  Sinec 


had 


moisture-vapor transter when compared to uncoated 


these coated tabries relatively rates of 


fabrics, it was deemed necessary to conduct comfort 


tests to determine whether further work was war 


ranted. Garments were constructed and sent to the 


University of Indian® for testing 


} 


During these conducted by S. DD. Gerking 
and Sid Robinson [4], 


Mecheal School, to determine the 


tests, 
Department of Physiology, 
Indiana University 


heat stress imposed by impermeable, wet-weather 


suits and the experimental water-impermeabie, water 


vapor-permeable suits, comparison was made of the 


relative coolness of the following f types of clothn 
(1) poplin jungle uniform; (2) wet-weather sutt 
with permeable coating; (3) wet-weather suit lan 
inated with permeable coating; (4) impermeable 
wet-weather suit \ll of the wet-weather garments 
were made im the san cle sign 

The experiments were performed on men walking 
on a treadmill at a metabolic rate of 190 cal. mo pet 
he The subjects used in the tests were all well 
acclimatized to the heat and maintained water balance 
during the 2-hr. experiments by drinking measured 
quantities of salt solution The wet-weather 
suits were worn by the men in 4 different environ 
ments: air temperature 17.4°C, with 57° 
24.1°C, 50% R.H.; 30.5°C, 80% R.H.: and 37.9°( 
The last environment was used to cle 
termine the maximum rate at which sweat could 


he evaporated from the clothing. In addition to the 


Ti 
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suits, the subjects wore shorts, shoes, and socks in 
each experiment 

In all of the 2-hr. experiments, the weights of the 
men, both clothed and nude, were determined hourly 
in order to follow their rates of sweating and evapora- 
tion. The skin temperature of the men was taken 
at 15-min. intervals by 4 thermocouples placed sep- 
arately on hip, chest, shoulder, and knee. Rectal 
taken 


clinecal thermometer, and heart rates were recorded 


temperatures were every half-hour with a 


at 15-min. intervals by an electrocardiotachometer 
and 30.5°C, the 


comparisons of the clothing consisted of 2 experi 


\t air temperatures of 24.1°C 


ments in which 2 men walked on the treadmill simul 
taneously 
test 


In these studies, each subject wore each 


type of garment. The data for both men for 


each type of garment were averaged to offset varia- 
tions in the environment and the performance of the 
day At 17.4°C and 37.9°C, 4 


subjects wore 4 different types of clothing in only 


men from day to 
one experiment each; thus, no direct comparison of 
the garments was obtained in these environments 

The 
suits had a distinct advantage in a hot, dry environ 
ment (37.9°C, RH 


evaporation was required 


water-impermeable, water-vapor-permeable 


29° where a high rate of 


The subject who wore 
inder these conditions was 
the 


subject who wore the water-impermeable, water 


the impermeable suit 


barely able to complete l hr. of work, while 


vapor-permeable suit was not taxed to complete 2 


hrs. of the same work. Based on the rates of sweat 
mg, skin temperatures, rectal temperatures, percent 
i sweat evaporated, and heart rates of the men in 
1 


all environments, the clothing was classified as to 


relative coolness in the following order 


(1) poplin 


jungle uniform; (2) wet-weather suit with per- 
thle coating outside: (3) wet-weather suit lami- 
nated with permeable coating ; (4) impermeable wet- 


her sunt 
These tests on water-impermeable, moisture-vapor 
permeable fabries conclusively proved that the mois- 
ture-vapor transmission rate was sufficiently great 
tor the fabric to be of 


practical value for specific 


appheatior 
While the treated porous pigment-synthetic rubber 
latex combination did result in a coated fabric which 


was water-unpermeable and water-vapor permeable, 


as shown by laboratory and comfort testing, the coat- 
ing itselt had many teatures which were objectionable 
from a processing and physical-property standpomt 
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TABLE |. Comparison of 
Fasrics with RUBBERIZED 
AND Water-Rereccent Fasrics 


Hydrostatic head 


transmission m. water 


Moisture-vapor 


of that 
transmitted by ASTM 


Fabric hase tabric test* 


Water repellent tabric 100 
Rubberized fabric 0-10 
Fabric coated with por 25 
ous pigment latex 
binder 
abric coated with un 
tre ited porous pig 
ment-latex binder 
-abric coated with un- 
treated porous pig 
ment-solvent cement 
binder 
abric coated with solid 
pigment-solvent 


cement binder 


* Fifth drop through a 3.12 in? 
t First drop through a 15.9 in? 


Because the basic spreading material was a water 
dispersion, difficulties were encountered with drying, 
shrinkage of fabrics, and corrosion of equipment 
In additron to being costly and difficult to control, 
the coating was of an extremely weak nature. Ex 
tensive work resulted in limited progress in overt 
coming these difficulties. It became evident that new 
approaches would have to be investigated 

Concentrated effort soon brought forth a number 
of entirely new concepts on the problem. A naturally 
occurring porous pigment was found which could be 
successfully used without the necessity of a water 
repellent treatment. Since the solubility of the silt 
cone treatment had previously limited the binders to 
latices, this finding presented the possibility of the 
use of solvent rubber cements as binders. This meant 
that not only could the costly treatment be e 
but the coating material would lend itself 
ventional rubber spreaders 

The porous pigment-rubber cement combination 
was successtully reduced to practice. Coated fabrics 
which had excellent properties when compared with 
those of the treated pigment-rubber latex tvpe were 


While this coat 


was a marked mprovement over the previous 


produced on large-scale equipmen 


product, a number of necessary properties were still 


lacking The coating lacked the required strength, 


it possessed less than satistactory ageimg character 


istics as measured on the Weatherometer, and it 
tailed to withstand washing and/or dry-cleaning 
During the course of these investigations, experi 
ments were undertaken using a solid pigment with a 
rubber cement, and it was discovered that a water 
unpermeable, water-vapor-permeable fabric could be 


made with this combination 


It was eventually dem 
onstrated that this coating functioned by means of a 
complicated, three-dimenstonal, interconnected struc 
ture of micropores. Since this last approach had 
produced a coated fabric which had the most repro 
ducible and the most satisfactory physical properties 
of the various coatings tried, its theory will be con 
sidered in more detail. It was work on this concept 
which finally produced the coated fabric which was 
presently developed to a usable stage 

While the early stages of this development have 
been discussed somewhat briefly, they do represent 
tremendous strides toward the development of a 
water-unpermeable, water-vapor-permeable fabric. 


This can be clearly seen upon examination of the 
data in Table l 


Discussion 


In order to obtain a porous coating using a solid 


pigment and rubber, an entirely different approach 


was used from that which has been normally recog 


nized in this field. Using a solid pigment mean 


that the pores have to be developed around the py 
ment mn the coating upon drying. It is a known fact 
that, because of their particle size and shape, pig 
ments occupy much larger volumes than their true 
specific gravity indicates. This is true even under 
wetted, centrifuged conditions and suggests that there 
is some space between the pigment particles 
If it is possible to add rubber to the pigment in such 
volume that it will bind the pigment particles to 
gether without occupying all of the void space avail 
able between the wetted packed particles, then it is 
possible to produce pores with the remaming void 
space upon drying the coating 

This theory might be more easily understood by 


considering an example: 100 g. of a pigment having 


270 were found to eccupy 27 


a specihe 

cc. under wetted, centrifuged conditions Based 

upon its true specific gravity, 100 g. of this pigment 

should occupy only 37 ce. This would mean that 90 

cc. of void space occurs between the pigment parti 


cles; this space woul » available for binder and 


pores. If 50 ce. of binder were used to bind together 
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MICRONS 


PORE SIZE - 


PORE NUMBER — THOUSANDS / SQ CM 


(searpuol. Plot of the number of pores vs. pore size for 


a number of different fabric coatings 


the 100 g. of pigment, then there would be 40 ce. of 
void space in the coating. On a percentage basis, 
this would mean that 31.5° > of the coating would, 
he rach up ot voids 

\ large number of pigments were examined under 
wetted, centrifuged conditions. In some pigments, 
the avatlable vou space Was considerably larger than 
in others. In fact, various grades of the same pig 
ment were found to have extreme variation im the 
void space available. Knowing this, and considering 
the above theory, it could be seen that the pigment 
particle size and particle shape greatly influence beth 
the wumber and the size of the pores developed 

It could then be visualized that a given volume ot 
void space could be accomplished either by the pro 
duction of a large number of small pores or by the 
production of a small number of large pores, depend 
ing upon the choice of the pigment. Producing and 
studying actual coatings was the only way to detet 
mine whether or not this was trne 

\ large number of pigments and rubber binders 
were tried in various ratios of pigment to binder 
These blends were coated upon a base fabric, and 
some of the resulting coatings were studied under a 
uneroscope, Graph 1, which is a plot of the number 
of pores vs. pore size, is the result of surtace micro 
scopic examination of these coated fabrics. [t wall 
be noted from the curve that in this tvpe of coating, 


as theorized, the number of pores per sq. em. in 


creases as the size of the pores decreases. Having 


of. 
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(Grapu 2 Plot of the number of pores vs. moisture 


transmission for a number of different fabri 
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Graru 3. Plot of the pore size vs. hydrostatic-head 


resistance for a number of different fabric coatings 


established the existence of a wide variation of pore 
size and number within the sample coatings, 1t was 
Most mteresting to study the moisture-vapor transfer 
and hydrostatic-head resistance of these same coat- 
ings. Graph 2, which is a plot of the number of 
pores vs. moisture-vapor transmission, indicates that 
moisture-vapor transfer takes place as long as a 


sufficient volume of pores is present, whether the 


Bia 
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Photomicrograph of a coating which had been dissected ho 


ew 


showing 


pore structure of the coating 


However, a trend could be 


pores be large or small 


noted toward a greater moisture-vapor transfer in 
those coatings having a large number of small pores 

While the moisture-vapor transfer was not influ 
enced too greatly by the pore size, such was not the 
case with the hydrostatic-head property. [-xamina 
tion of Graph 3, which is a plot of pore size vs. hydro 
static head, clearly indicates a steady increase in the 
hydrostatic-head resistance as the pore size decreases 
This graph also shows no appreciable increase in 
hydrostatic head until a pore size smaller than 30 p 
is attained. This probably explains the loss in hydro 
static-head resistance in the mechanically or electro 
statically perforated coated fabrics 

Having established the requirements necessary to 
obtain a high rate of moisture-vapor transfer as well 
as excellent hydrostatic-head resistance, the task 
remained to select the pigment best suited for the 
job. It will be noted, in observing the graphs, that 


each point as plotted is represented by a number 


These numbers correspond to the pigment used in 
producing the coating, so that the point labeled (10) 
on each of the graphs represents properties obtained 
with a given pigment and the resultant coating 
Close observation of these graphs will indicate that 
some pigments produce more desirable properties in 
the coatings than others do 
(11 but a 


relatively low hydrostatic-head resistance, while pig 
19) 


For instance, pigment 


gave a good moisture-vapor transfer, 


ment gave a low hydrostatic-head resistance 
and a low rate of moisture-vapor transfer. However, 
(1), (2), (3), (4), and (6) 


gave coatings which had hydrostatic-head readings 


a number of pigments 


greater than 200 cm. of water and moisture-vapor 
transfer values greater than 60° of the transmission 
rate of the base fabric. It will be noted that all these 
coatings contained surface pores smaller than 10» 
in diameter, although the number of pores varied 
widely. 


While the 


good results obtained with pigments 
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(3), (4), and (6) might seem contradictory to the 
theory because of the small number of pores present, 
an explanation was found when the dissected coating 
was examined under the microscope. The photo- 
micrograph (Figure 1) shows that the inner struc- 
ture of the coating is not a simple one made up of 
vertical pores, but ts, rather, a complicated three- 
dimensional structure of interconnected pores. Ob 
servation of the coatings indicated that this type of 
pore structure was much more prevalent in those 
coatings having the small-sized pores. Thus, through 
this mtereconnection within the coating, it was pos 
sible to transmit moisture vapor at a high rate even 
though there were wide variations in the mumber 
of surface pores 

Since a number of pigments were found which 
gave the desirable properties in this type of coating, 
the actual selection of the pigment was based on 
reproducibility on large-scale equipment, cost, ease 
of handling in the process, and the resulting physical 


properties ot the coating 


Physical Properties and Testing 


It was realized that, while the hydrostatic-head 
and moisture-vapor-transmission properties of the 
coated fabric were important considerations, the coat 
ing itself would have to exhibit certain other basic 
properties if it were to be of practical use \mong 
these were flexibility, flex-resistance, abrasion-re 


sistance, resistance to ageing, and resistance to wash 


ing and or dry-cleaning 


Consequently, work was 


begun to build a practical coating compound using 
the solid pigment-synthetic rubber combinatios 

In the preceding section (Theory), it was detet 
mined that the resultant coating would have to be 
composed of a large volume of pigment bound to 
vether with a binder. Because the pigment volume 
plus the void volume in the dried coating was so 
large in relation to the binder volume, it was neces 
sary to select a binder which had high strength. In 
addition, it was deemed important to have a coating 
which was flexible and resistant to solvents 
though a large number of binders were investigated, 
the requirements were such that an oil-resistant 
synthetic rubber was finally selected 

The choice ot the pigment, as directed by the 
theory, became rather clear-cut. Ot those pigments 
discussed in the Theory section, the one labeled (1) 
not only exhibited exceptional hvdrostatic-head and 


moisture-vapor-transmission properties but also was 
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PABLE TL. Prysicar Prorerties oF Fie.p-Tesrep 
UNTREATED Porous PtGMeNT-SOLVENT Cement BINDER 


Hydrostatic head (cm. HO--ASTM (Sth drop to 


penetrate 249 
Moisture-vapor transmission (% of that of base fabric 

oper-cup method 589 
Hydrostatic head (cr. HAD) after 600 flexes (Chrysler 

flex machine 180 
Hydrostatic head (em. H,O) after 96 hrs. Weather- 

ometer ageing 289 
laber abrader loss (g.) after 1,000 cycles using 500-¢ 

weight and CS-8 wheels 0.230 
Weight of coating (oz. / yd 3.1 


low im cost, readily available, and lent itself to the 
process. This pigment was therefore chosen. Once 
the selection of the pigment and the rubber had been 
made, much time was spent in working out a com- 
pound which would have those physical properties 
which were desired 

In order to better understand the development of 
the final compound and its excellent physical prop- 
erties, a backward glance must be taken to that stage 
of the development where an untreated porous pig 
ment was being used with a synthetic-rubber binder 
This combination, when used to produce a coated tab 
ric, was then considered to exhibit such physical prop 
erties as to warrant durability field testing Its 
properties, as measured in the laboratory, are given 
in Table 

Field tests were arranged at the Quartermaster 
Board [2], Camp Lee, Virgima. The technique 
employed involved four phases——testing on the Rain, 
Obstacle, Glove, and Combat Courses.  Impermeable 
ind uncoated garments were run for comparison pur 
poses along with the water-impermeable, water-va 
por-permeable garments. It was desired to deter 
mine water-vapor permeability, durability of coating, 
nd water-umpermeability of the latter garments. 
Che objective of the tests was to determine whether 
or not the experimental fabric had sufficient merit 
to warrant further development, and the field-test 


results were to serve as a guide in any resultant future 


The results of these tests showed some deficiencies 
.xamination of the tested experimental 
garments imdicated that wherever leaking had_ oc- 
curred it was due to low abrasion- and flex-resistance 
of the coating 

The comments of the test subjects, pertaining to 
each phase of the test, and the statistical analysis ob 


tained resulted in the recommendation that work be 
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continued on the experimental fabric, with especial 
emphasis being placed on toughening of the coating 


and improving the flexibility In addition, it was 


suggested that in the future the portions of the test on 
moisture-vapor transmission and degree of comfort 
be conducted under closely controlled conditions, be 
cause the perspiration rate varied so much between 
individuals that a true evaluation was not possible in 
a general field test. 

The faults in the experimental fabric, as deter 
mined by field testing, had to be corrected. In order 
to accomplish this, a number of more strenuous lab 
oratory tests were needed, together with basic changes 
in the compound 

The field 


ot the 


hydrostatic head 
\STM 


was imsuthiciert 


tests showed that the 


coated tabric, as obtamed with the 


tester on the aged and unaged tabri 


to meet the needs In order to obtain a more strenu 


ous hvydrostatic-head test, the Suter machine was 


adopted as standard, An extension was added to this 


tester so that a maximum of 277 cm. of water pres 


sure could be applied. In this test, water pressure is 
\STM 


1 


applied over 5 times the sample area of the 
tester, and the specimen is considered to have fale 
at the appearance of the first, rather than of the fiftl 
drop. To fully test the coated fabric for waterproof 
ness, the modified Suter test was run on the fabric in 
of Weatherometer 


ageing, after 1.200 flexes on the Chrvsler flex ma 


its original condition, after 96 hrs 


chine, and after %) hrs. of Weatherometer 


ageing 
followed by 1,200 flexes on the Chrvsler flex machine 
When the 


I-tested was 
evaluated by these 


fabric which had been field 


tests, the reason for leakage dur 
Suter hvdro 


Veatherom 


ing the field tests was apparent Phe 
static-head resistance of the fabric after \ 


foll 1 by flexing was extremely low 


The phy sical properties ot the coated fabric as field 
tested represented the optimum properties obtainable 
with the porous pigment-rubber binder combination 
at that stage of the development. However, simul 
taneous work being carried on with the solid pigment 
rubber combination was at such a point as to show its 


superiority over the porous pigment in obtaining high 


hydrostatn head resistance of the coated fabric 
This combination also appeared to present more 


latitude in 


obtaining higher hydrostatic-head resist 
ance since the pore size could be varied by the choice 
of pigment, whereas the pore size using the porous 
pigment was fixed ‘ 

Using the solid pigment-synthetic rubber combina 


tion discussed earlier in this section, 1t was found that 


120 
the hydrostatic head resistance of the coated fabric 
aiter ageing and flexing was superior to that obtained 
with the porous pigment-synthetic rubber combina 
tion. Since these hydrostatic-head values were still 
smaller than LOO cm. of water, concerted efforts were 
made to unprove this property 

The thought 


static-head resistance of the 


occurred that possibly the 


coated 


hydro 


fabric might be 


raised if the angle of contact of the coating material 


were raised In order to raise the ar vle of contact 


of the coating, it was necessary to incorporate mto 
the coating some material having a higher angle of 


contact than which are 


the coating itself. Waxes, 


known to have a high angle of contact and to bleed 


to the surface of a rubber compound, seemed i logical 
choice. In addition, two other benefits could be seen 
as a result of the bleedi y action of the wax First 


1 reduced by the film of 


the pore diameter would be 
WaX, al second, the aveing «at the compound would 
ln roved This second benetit wht have heen 


of prime importance since examination of the theory 


and basic structure of the coating brought to light 

owing 
to the open nature of the coating \ddition of the 
wax to the basic compound confirmed the above 


thinking m that the coatec 


and flexed 


exhibited a hvdrostatic-head resistance 
wer 200 em. of water 


At the same 


heing rnade in 


of well « 
time that these 
the compoundit gy of the coating, in 


1 


vestigations were undertaken to ce velop better coat 


ing techniques on various fabrics. Earlier work had 
shown that this type of coating could best be ay 
to tightly woven, fine-thread, water-repellent-treated 
fabrics \\ 


a fabric, and it was found that when from 4.0 to 5.0 


uly was made on such 


oz. ‘sq.yd. of coating were applied, maximum phys 
cal properties were obtained. Fabrics with coating 
weights as low as 2 oz. sq.vd. showed reasonably 
good properties, while those with coating weights 


of & oz. sq.vd. or yreater tended to crack when bent 


sharply with the coating out 


1 


It was found that the coating was best applie 


to the fabric in a 3-coat operation—-one tight coat 


ing, to anchor the coating to the fabric, and 2 coatings 


spread in opposite directions to completely cover the 
fabric \ttempts to reduce the number of coating 
operations gave spotty hvdrostatic-head results be 
cause of incomplete coating around slubs and let-outs 


in the tabric 
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Investigations have indicated that the coating can - 


he successfully applied to one or both sides of the 
fabric and still retain high moisture-vapor-transmis 


sion rates. In adilition to the tightly woven fabrics 


previously discussed, 


work has shown that excellent 
results can be obtained for such a fabric as sheeting 
Here, in order to simulate fabric used in Army rain 
coats, a heavy coating was applied to one side of the 


Actually, 
in order to attain properties equal to those of the 


fabric and a light coating to the other side 


higher-grade, 4.0 to 5.0-0z. one-side-coated fabrics, 
a heavier weight of coating was required (5.0 to 6.0 
oz. sq.yd.) 

During the entire development, it was recognized 
that the coated fabric would have to be cleaned by 
washing and/or dry-cleaning. The coated fabric 
finally developed does withstand 5 cycles of eithe rot 
these cleaning methods, retaining a Suter hydrostatic 
head of over 100 em. of water 

\s a result of the compounding studies and the 
improvement in coating techniques, it has been pos 
sible to produce on conventional rubber spreader 
equipment considerable yardage of a water-imperme 
able, water-vapor-permeable coated fabric. A typical 
example of the data obtainable for this type of coated 
fabric is shown in Table III 

Examination of these data, along with those given 
in “Table Il, will show that not only have improve 
ments been made in the waterproofness, both be 
fore and after ageing, but also the moisture-vapor 
transfer rate has been tncreased considerably 
\nother property of prime importance is the abrasion 
resistance. This has been increased more than two 
fold. It was coated fabric of this type which was 
held-tested for comfort at the Quartermaster Cli 
matic Research Laboratory, Lawrence, Mass 
\rrangements were made to conduct comfort tests 
\rmy 
Climatic Research Laboratory, Lawrence, 


Mass J. W. Eliot, R. Bader, W. Goddard, and H 


Hanson [3] carried on this work. The prime pur 


on the coated fabric at the 


(Juartermaster 
Oorps 


pose of this work was to evaluate the moisture-trans 
nutting properties of the coated fabric 


Three types of fabric, of the same approximate 


Parka-and 


weight, were used im this evaluation 
trousers assemblies were fabricated using the water 


impermeable, 


and, for control, assemblies were made from an im 


water-vapor-permeable coated fabric, 


permeable coated fabric and an uncoated fabric 


Additional clothing worn bv the subjects was selected 
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PrABLE PuysicaL Prorerties A WateR- 
IMpeRMEABLE, WATeR-VAPOR-PERMEABLE Fapric* 


PIGMENT-SoOLVENT CEMENT BINDER 


Weight of coating (0z./sq. yd 40 
Hydrostatic head (cm. of water 
Original 277+ 
After flexing, 1,200 flexes, Chrvsler flex machine 2774 
\fter O.-bomb ageing, 96 hrs. 277+ 
After Weatherometer ageing, 96 hrs 277+ 
\fter Weatherometer ageing for 96 hrs. and 1,200 
flexes 277+ 
After creasing at ~ 20°F 277+ 
After washing, 5 cycles 112 
\fter dry-cleaning, 5 cycles 109 
Moisture-vapor transmission (% of that of base 
fabric 
Original 73 
After washing, 5 cycles 75 
After dry-cleaning, 5 cycles 75 
Adhesion (Ibs. /2-in. width 
Original 6.7 
Flexibility (Clark softness), om., at 70°F-—Warp 98 
Filling 7.2 
at Warp 11.1 
Filling 
\fter heat treatment, 5 hrs., at 220°F --Warp 101 
Filling 77 
\brasion-resistance 
laber abrasion (g. loss), CS-8 wheels, 500-g. wt., 
-1,000 revolutions 0.100 


Wyzenbeek (rubs), 6 Ibs. tension, 3 Ibs. pressure, 
30 emery cloth w 
Blocking, 220°F No blocking 


30 min 


* Fabric was 5,2-0z. water-repellent Byrd cloth coated on 


one side 


on the basis of being the most likely to be worn in 
the field, with the same climatic conditions prevailing 

The tests were to simulate two separate field op- 
erations that might be encountered by individuals 


varka and trousers. In these tests, the suits 


were used as 


wearing 
(1) @ continuous-wear exposure suit 

Le. a garment capable of remaining water imper- 
meable should an aviator parachute into the sea, yet 
capable of transmitting perspiration from the aviator’s 
clothing to maintain comfort during long periods of 
wear; and (2) a suit for use in wet-cold field condi- 
tions, where there is exposure to wetting from with- 
mut and a high relative humidity which makes evap 
oration difficult from inside the garment. 

In order to simulate those conditions preseribed, 


the climatic chambers during test were maintained 


it the following conditions: (1) temperate climate: 
temperature at 75°F and R.H. at 50%, with wind 
velocity at 3.0 miles per hr.; (2) wet-cold climate: 
and R.H. at 60°, 


velocity at 3.0 miles per hr 


temperature at 35°F with wind 


( 
7 
| 
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PABLE I\ Booy-PERSPIRATION TRANSMISSION 
4s DererMinep py Trstine 


% Perspiration transmitted through 
gurments made of 
Water 
impermeable 


water-Vapor 


Climatic Impermeable permeal le Uncoated 

conditions coated fabri coated tabric tabrix 
75°F, 50% R.H 36.2 84.5 85.4 
35°F, 00% RH 43.4 64.9 65.6 


Eight test subjects were conditioned by walking on 


a treadmill in the climatic chambers for 2 hrs. a 


day, 5 days a week, for 2 wks. 

After conditioning of the test subjects, the tests 
were conducted with a rotation of garments among 
the subjects so that various sweat rates could be 
averaged out. In the temperate-climate experiments, 
the men were exposed for 5 hrs., exercising by walk 
ing on level treadmills at 3.5 miles per hr. for 10 min 
and sitting quietly for the other 20 min. of each half 
hour. In the wet-cold test, the test subjects were 
exposed for 2 hrs., walking continuously on tread 
mills at 3.5 miles per hr 

Physiological measurements were made to deter 
mine the body-weight change, moisture uptake of the 
garments, skin temperature, and rectal temperature 
In addition, the test subjects’ observations and sug 


gestions were recorded. The body-weight char 


which was obtained by weighing the men nude before 
and after each exposure was used as an index of 
total sweat output. The moisture uptake was deter 
mined by obtaining the weight of each item of cloth 
ing before and after exposure 
10 min 
means of copper-constantan thermocouples attached 
to the skin 


self-balancing recording potentiometer. The ther 


Skin temperatures 


were taken every during the exposure by 


These thermocouples were read by a 
mocouples were positioned as follows: (a) underside 
medial side of 


thigh, midway to knee; (c) abdornen, 2 in. lateral to 


of terminal phalanx of great toe; (> 
umbilicus; (d@) back, mid-line, at 7th cervical ver 
tebra; (¢) back of calf; (f) medial side of terminal 


phalanx of index finger. The rectal temperatures 


“were also taken at 10-min. intervals and recorded in 


the same manner 


In their report on the tests, the authors [3] state 


“It is evident from bodv-weight losses. moisture ab 


sorption of the uniforms, and skin and rectal tempera 


tures under these experimental conditions that the ex 


perimet tal semi permeable material is far closer in its 


moisture-transmitting behavior to the control permeable 


material than to the control imperm terial 
‘Under both the wet-cold and te condit 

the average total sweat loss was less with the semi 

permeable fabric than with the impermeable tabric. In 

asmuch as sweat production by the body is quantitatively 


indicative of the heat load beime imposed byw clothu 


it is fair to state that this difference represented 


crease of better than 60 calories in the heat load im ed 
on each man during the periods Ol eXposture Is 
calculated that the total heat production of each man, 
both in the 2-hr. wet-cold exposures and im the 5-hr 
temperate exposures, approximated 600 to 700 caloric 
This means that the heat loau saved by use of the ex 
perimental fabrics under these conditions represented 
(very roughly) 10°) of the total load imposed.” 


Che authors concluded from a physiologt 
cal point of view, standardization of rain suits or 
even continuous-wear exposure suits manufactured 
from fabrics contaming the degree of vapor perme 
ability found in the experimental fabric tested here 
desirable 


Data in Table IN 


impermeable, water-vapor-permeable coated 


show exactly why the water 
fabric 
can be considered to be very close in its ability to 


transmit moisture vapor to that of the uncoated fabric 


Conclusions 


\ coated fabric has been developed which ts water 
proof and simulates uncoated fabric in wearing com 
fort This coated fabric has good flexibility, flex 
resistance, abrasion-resistance, resistance to ageing, 


and resistance to washing and or dry-cleaning 


Field testing and controlled climatic testing have 
indicated the usefulness of this coated fabric 
Further developmental work is in progress in the 
application of this coated fabric to such end-items 
as tentage, sleeping-bag covers, raincoats, footwear, 
and other items m which the properties of water 
prootness and the ability to transmit water vapor are 


desirable 
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The Place of Research in Textile Colleges 


Kenneth: R. Fox 


President 


The following article is the text of an address del 


Anglo-American Conference on Textile Education held 


2Y..31), 1949 lt is printed in the JouRNAI 
grams being conducted in the several ti 
textile research 


Ix CONSIDERING the place of research in textile 
should lee 
that, in my opinion, the primary objective of such 
With this as 


then, it is necessary to consider the factors that have 


colleges, it made clear from the outset 


mistitutions ts educational a premise, 


heen introduced in. the program of traming young 


~ 


minds as they relate to educational requirements 
Research ts generally accepted as being one ot these 


factors \merica 


It is felt by the textile colleges in 
that research helps create an environment consistent 
with their recognized aim of providing technically 
trained personnel for the textile and allied industries 

There are a number of reasons why this philosophy 
has been adopted. First, and perhaps foremost, re 


search has been encouraged im the textile colleges 


Lowell Textile 


Institute 


wered by the author at the 
in Buxton, England, October 
hecause 


} reader interest in the pro- 


tle colleges, 


especially as they relate to 


because of the salutory effect which such investiga 
tions have on the state of mind of both teacher and 
student. Research prompts numerous inquiries, and 
education can be more effective when an insatiable 
created in the 


inquisitiveness has been 


mind. It usually follows that an inquisitive mind is 
an open and eager mind. Those of us in the teach- 
ing profession know that our greatest challenge lies 
in the difficulty of transmitting information effectively 
or “putting the subject across.” Excellent results in 
meeting this challenge are often experienced by the 
instructor when he describes the methods and results 
of his own research. Because of this, it frequently 
oceurs that our best teachers are the ones who are 


conditioned by the spirit of research. Similarly, it 


|_| 
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is easily recognized that students often do their best 
work when they are given individual assignments 
requiring independent thought. With this method, 
the assigned problem becomes more personal, and, 
with suitable catalytic action from the instructor, the 
laboratory experience of prosecuting a research proj 
ect can be a most stimulating and worth-while assign 
ment. Such a process invariably develops a keener 
sense of analysis, which should benefit the student in 
his subsequent work in industry 

Stull another reason for subscribing to the impor 
tant role research can play in education is the ap- 
parent need to develop an appreciation for research 
in the minds of the future industrial leaders. It has 
often been said in America that a wide gap exists 
between management and the research worker be 
cause the two do not speak the same language. One 
of my American colleagues, Dr. W. |. Hamburger, 
who visited in England last Spring, stated that this 
same situation appeared to exist abroad as well as 
in America. Further evidence of this condition in 
I:ngland is seen im an article published in the July 
Proceedings of Institute. Mr. H. A 
Turner summarizes in part his paper on research as 


the Textile 


related to the Department of Textile Technology at 
Manchester by saying, “The full advantage of scien 
tific and technological developments can only be se 
cured for the textile producing industries if the per- 
sonnel of the constituent firms includes a sufficient 
number of those able to understand fully the aims, 
This 


number of at 


methods, and results of scientific research 
number is not yet adequate.” A 
tempts have been made to bridge this gap, but it 
seems more logical to employ methods in the col 
leges which will close this void than to try to 
straddle it. Certainly one technique that will prove 
useful is to develop in the student an understanding 
and a sense of value of just what research can accom 
plish, as well as its limitations. Psychologists have 
shown that there is no substitute for personal ex 
perience. The textile colleges have the unique oppor- 
tunity through individual research assignments to 
develop the proper research point of view at an early 
stage in the lives of potential textile personnel 
Additionally, there is the obvious benefit that the 
textile industry receives in having textile problems 
investigated in its colleges. Much good work of 
direct application to the industry has resulted from 
these research programs. All one has to do to be 


come convinced of this fact is to review the literature 


ap 


and make note of the amount of research emanating 
from the colleges that has been emploved to advan 
tage in improving methods and products in current 
use 

Having given some reasons why research ts en 
couraged in the colleges, it appears pertinent to 
pomt out a tew of the methods that have been em 
ploved in America in establishing research programs 
Perhaps the most obvious is the one in which teach 
ing staff members are permitted and encouraged to 
undertake research assignments of their own choos 
ing. Such a practice presupposes three factors: first, 
a natural interest on the part of the staff member to 
do research; second, enough available time for him 
to undertake research ; and, third, the necessary space 
and equipment which he may require, It ts fre 
quently found in my own college that, of these three 
ingredients, the second and third are often missing 
Both of these factors are governed by economies and 
may raise stumbling blocks until sufficient funds are 


This 


acute in the postwar vears, when, because of greatly 


made available situation has become most 


increased enrollments, faculties are overloaded and 
every available square inch of space must be given 
over to the handling of students. In spite of this 
situation, however, when the first ingredient namely, 


an imterest in research—is 


present im excess, the 


staff member is generally able to keep some small 
research program functioning despite the other linn 
tations. Asa matter of fact, many colleges determine 
faculty promotions on the basis of research accom 
plishments im addition to the more universally ac 
cepted criterion of good teaching 

Another method which has been emploved to en 
courage research is the establishment of research 
departments which are more or less independent of 
the teaching staff. This may appear to be a luxury 
at first glance, and it generally is in the tmitial stages 


It has one very distinct advantage, however, in that 
effort \s a 


consequence, the program is usually conducted more 


there is research 


continuity in the 
efficiently and shows concrete results more quickly 
From the pomt of view of subsidy, such an arrange 
ment is admirably suited to support from government 
or industry because of the guaranteed man hours 
With this help in getting started, research depart 
ments can often be made self-supporting in a rela 


tively 


short period of time, and the introductory 


financial obligations are either diminished consider 


ably or entirely eliminated 


It has been found, too, 
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that, when their projects permit, these research work 
ers make very valuable guest lecturers. Material 
presented in the classroom by this group is up-to 
date and proves stimulating to the students. It is 
also found that having to give occasional lectures 
mnproves the efficiency of the research worker by 
forcing him to organize his thinking when he is pre 
senting the results of his laboratory findings. If you 
will, it brings him down to earth 

My remarks up to this point have been confined to 
methods which are employed to encourage research 
at the faculty level ‘There are, in addition, several 
means available by which research can be accom 
plished at the student level. The first of these 1s 
the requirement prevalent in most colleges, whereby 
original or confirmatory research is required at the 
undergraduate level. To permit this, the curriculum 
is designed so that students have sufficient time to 
undertake to write theses in their final or semor 
vear of undergraduate work. The projects in which 
this 1s done are generally short-term ones which can 
be completed in a relatively few hours. [t is an un 
usual situation when such work ts of far-reaching 
importance but, as stated earlier, such assignments 
help to create an appreciation for research im the 
student's mind. There ts, as well, the accompanying 
benefit that the student must refer to the literature 
in his investigations and hence becomes better ac 
quainted with the “state of the art.” Excellent train 
ing also results from his having to comb the sources 
of information and thus become better informed on 
“what can be found where.’ 

\ similar plan is also employed at the graduate 
level te, bevond the bachelor’s leyree Phe amount 
of research which a student can do mereases and the 
quality improves as well at this stage, and many ex 
cellent studies have been made bv graduate students 
to the benefit of the imdustry The scheme just 
mentioned presupposes that the student is studying 
full time and has both the vears for study and the 
necessary mecome available There are many. stu 
dents, on the other hand, who have the time and, 
more important, the determination to continue their 
studies but lack the necessary funds. An interesting 
plan has been worked out to solve this dilemma which 
benefits both the student and the college. The main 


essential for its success is an appropriation in the 
school budget \ssuming that such a source of in 
come exists, funds are established which permit de 
sirable students to continue their studies on a part 


time basis and to earn some income themselves during 
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the balance of their time. There are many titles that 
have been adopted to describe such appointments 
‘student instructor,” “student assistant,” “assist- 
ant instructor,” “research fellow,” “teaching fellow,” 
‘research assistant,” or maybe just “assistant.” 
These appointments are occasionally made on a com- 
petitive basis but more often are made at the discre 
tion of a faculty committee. As mentioned earlier, 
this plan also assists the college in that these more 
mature students are available for laboratory assistance 
of a wide variety, ranging from dishwashing to actual 
laboratory instruction. There are also a number of 
colleges which use these graduate students as lec- 
turers in the class room, although it 1s my opinion 
that this practice is dangerous 

Phere is at least one other advantage to this system. 
Those of us in educational work are constantly on the 
watch for potential staff members. Over and above 
the problem of competing with industry in terms of 
salary, there is the difficulty of trying to judge a 
man’s teaching ability without first giving him an 
opportunity to show what he can do. By giving these 
graduate students an opportunity to do some “prac- 
tice teaching” and observing them under varying 
conditions, it is usually possible to avoid placing 
round pegs in square holes 

\ tew words should also be said concerning the 
type of research conducted in the American textile 
colleges. | believe it would be safe to say that proj- 
ects undertaken by either students or staff range 
trom the most basic, academic type to the most prac- 
tical, objective type. The nomenclature often used 
tor these two classes 1s specitic to the point of calling 
the former “fundamental research” and the latter 
“applied research.” IT might say that I do not sub- 
scribe to such delineation because in my opinion 
research is research at whatever level of practicability 
the work may be done. To be really frank about the 
matter, | believe it unwise to speak of fundamental 
research as divorced from other types of research 
unless one wants to call all research fundamental. 

In order to make the picture a little clearer, I 
shall mention merely a few of the projects that have 
heen undertaken in the textile colleges : 

1. Studies of fiber fineness from the point of view 
of statistical distribution, methods of measuring fine- 
ness, and the effect of fineness on the spinning qual- 
ity of fibers. 

2. Various studies on the effect of twist on yarn 
and fabric properties 
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3. Investigations of fabric structure and stvle from 
the consumer acceptance point of view. 

4. Instrumentation studies of many different types, 
from testing instruments to control instruments for 
processing equipment 

5. Investigations on the various factors that affect 
uniformity of dyeing 

6. Evaluations of chemical assistants, such as wet- 
ting agents, detergents, lubricating oils, softeners, 
resins, and the like. 

7. Developments of new processing equipment or 
special adaptations for existing machines 

8. Blending studies, from the point of view of 
both stock and color 

9, Studies of color-fastness to light, gas, liquids, 
and combinations of same 

10. Studies involving the chemical and physical 
makeup of fibers. 

11. Processing studies involving new fibers, new 
equipment, new chemicals, and, in general, items new 
to the textile industry 

12. Market analyses, including methods and types 
of merchandising procedures. 

A logical question that migsht be asked at this time 
is, “What is the source of funds which enables such 
research to be done by college faculty and students ?” 
A few methods that have been employed to provide 
time and money have been referred to earlier. One 
is to allot sufficient funds in the college budget to 
permit light work loads for faculty members in order 
that they will have enough time for individual re 
search. Similarly, work loads can be so designed 
that thesis supervisors are available for consultation 
and guidance at both the undergraduate and the grad- 
uate student level. Economically speaking, this is 
probably the cheapest method that can be emploved 
to encourage research. 

In many of the schools, administrative policies per- 
mit the acceptance of research assignments from out- 
side agencies. These are, of course, subsidized by 
the sponsoring body and the salaries of the personnel 
may be underwritten either completely or in part, 
depending upon the nature and scope of the study 


In some schools, the staff members are expected to 
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work on projects of this type without conipensation, 
while other schools augment salaries in proportion 
Stull other 
institutions hold such mecome as a fund to be dis 


to the time which the individual puts in 


tributed to all faculty members at a later date. In 
some jsolated instances, projects are accepted by the 
schools without the expectation of any mcome what 
soever. These are looked upon as a public service 
and are justified on that basis 

Before World War Il, most of the sponsored re 
search in the schools came from the industry, trade, 
and scientific associations, as well as from plilan 
thropically minded individuals and) or organizations 
During and since the war, there has been a great deal 
of research conducted in our schools tor government 
agencies. These assignments may emanate trom 
branches of the armed forces or other departments 
of the government, such as the Department of Agri 
culture. Mention should also be made of the re 
search sponsored by The Textile Foundation, a group 
sincerely interested in the improvement of textile 
education. I am sure that it is reasonably accurate 
to say that sponsored research is available for the 
textile schools at all levels and that the amount of 
work done is a function of the school’s initiative and 
aggressiveness in contacting the appropriate parties 

In conclusion, | should lke to sum up my com 
ments as follows 

Although the main function of the textile colleges 
in America is “educational,” in the generally ac 
cepted meaning of that term, research is looked upon 
as a very necessary adjunct to the traming program 
Such activity is carried on at both the student and 
the faculty level, either by direct or indirect subsidy 
Programs are undertaken from a basic pomt of view 
and some may involve many years’ work, while 
others, designed to yield certain specific answers to 
well-defined queries, may be of much shorter dura 
tion In all cases, the textile college Ss are attempting 
to meet the challenge given to them by industry 
namely, the adequate training of personnel so that the 
industry will grow and prosper and be of greater 


service to mankind 


(Manuscript received December 1 
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Book Reviews 


Handbuch der Farberei und anderer Prozesse 
der Textilveredlung. Vols. [ and II. Albert 
Schaeffer (In German.) Stuttgart, Konradin 
Verlag Robert Kohlhammer, 1049 Vol. [, 638 4 

pages; Vol. II, 240 pp 


Price, $18.00 


i Rewewed by L. Fusser, General Dyestuff Corpora 
fion New Ve ri ) 


In this manual of dyeing the author has collected a 
ast amount of material about the 


dyestuffs in dyeing 


appli ation of 


In addition, enough d 


ita about 
the fibers and their conversion mto fabrics, the me 
chanical and chemical finishing processes, and the 
lvestuffs are presented to give the reader a well 
rounded view of textile chemistry and dveing 

The work is divided into four volumes—a techni 
ll, a scientific, an experimental, and an analvtical 
ection--the first two of which are reviewed here 


Both volumes are profusely illustrated with photo 


graphs and drawings, and the printing, paper, and 
bined are of good quality The contents of the 
echnical and scientific volumes are arranged im three 
iam parts the rs, the dve stuffs, the 
Processes The strict separation of the technical 
nd scientific aspects of dyeing ts based on the au 


thor’s aim that his work should serve not only those 
application of dyes but also many 
other persons m the textile and related tnlustries 
who wish to gain some knowledge of dvemg either 
rom the practical or theoretical pomt of view 

Phe first volume begins with a brief discussion of 


origin, characteristics, properties, and principal 


tses of the most im portant te stile fibers \ cl ipter 

world prodcuction and consumption of fibers tol 
lows, based on old statistics which are out of date and 
theretore largely useless Che mechanteal processes 
vhich thhers afe n ace fabrics, the chenncal 
processes imnve Ilved m then preparation, bleaching 
cl ire clearly presented No mention ts 
nade of the conti mus-bleaching svstems which are 
so widely used today Little is said about the shrink 


proofing ot wool, while protection of wool against 


\ ] tke Wise, 


creaseproofing of rayon and flame-resistant finishes 
could have beet vivetl a tttle more space 


The second part of Volume I discusses the nomen 


lature of commercial dvestuffs and their classification 


nd gives a very comprehensive list of brand names 


i dves and their manufacturers. Some discontinued 


brands and names of manufacturers out of business 


ave been included. A discussion of the determina- 
tron oft fastness properties follows, based on the 


methods of the German fastness commission 
In the main part of Volume | the dyeing proc- 
esses are treated very exhaustively in a manner simi 


ir to that employed in the dyeing manuals issued 


the former Farbenindustrie; meluded are 


tables of suitable dyestuffs, mostly of European man 
ufacture, and their properties. The dyeing of mixed 
materials is covered comprehensively, although the 
\merican reader will regret that nothing is said about 
muxed materials containing nylon. The author prop 
erly included a chapter about the fundamentals of 
vater purification. The section that deals with dye 
ing machinery is systematically arranged and well 


illustrated However, modern  continuous-dveing 


equipment, such as the pad-steam system and the 


Williams unit, 


pears to be unaware of the progress which has been 


is ignored. In fact, the author ap 


made in the United States in the continuous appli. 
cation of vat dyes 
\ chapter on the drying of textiles, on the match 
y to shade, and a very extensive bibliography con 
plete the first volume 


ublications were not 


Many American and British 
included in the bibliography, 
as, for example, Whittaker’s Dyetmng with Coal Tar 
Nves, Horsfall and Lawrie’s book on dveing, the 
Cotton Handbook, the American Wool 


and others 


Phe second volume is cevoted exclusively to the 
scientific aspects of fiber technology, dyestuff chem 
istry, and dveing processes. Microscopy and physi 


cal structure of the more important textile fibers are 


covered, with excellent illustrations, except that of 
synthetic fibers only those on cellulose basis and 


Lanital are shown Phe chemistry of the fibers ts 
dealt with sufficiently to give an understanding of 
their molecular structure and chemical behavior, In 
section, as also in the section about dvestuffs, 
e author fails to give references to the work of 


other investigators, although a long bibliography 1s 
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appended to each section The chemistry of the dve 


stuffs is considered in relationship to their dyeing 


properties and the reactions that take place during 


the dyeing ot the textile tbers The dvestutfs are 


grouped according to the manner of application, and 


lustrations of each chemical type that 


When considering 


‘ 
the direct dves, some of the rules develope d 


representative 1 
falls within the group are given 
to explain 


substantivitv on the basis of chemical structure are 


set forth 


The second volume is concluded with a critical 


discussion of the available experimental evidence 


which explains the chemical and physical reactions 

during the dyeing operations by which the various 

classes ot dyestuffs are applied 
Summarizing, it may be stated that these two vol 


addition to the literature about 


umes are a welcome 


the textile colorist and dver if there were 


dyeing however, le useful to 


iv wou 


More 
more cis 
cussion of practical techniques and difficulties \l 
most nothing is said about stripping of dved material, 


a subject which cannot be neglected The lists of 


g 
dvestutfs and their uses, being heavily weighted with 
German and Swiss products, are of more value to the 


uropean than to the American colorist 


In spite of some of these shortcomings, a clear ac 


count of the dyeing of textile fibers is) presented 


These books should tind their greatest usefulness im 


the hands of students in textile schools, laboratory 


as well as mull chemists, and all those persons in the 


textile and related madustries 


some technical or 


who wish to acquire 
scientific information about the 
preparation and dyeing of the textile fibers; also, m 
cidentally, about the fibers and the dvestutfs them 


selves and the rudiments of finishing 


American Cotton Handbook. (Gilbert Kk. Mer 
rill, Alfred kK and Herbert RK. Mauers 


Second Edition. New York, Textile Book 


\lacormac, 


berger. 


Publishers, Inec., 1949 943 pages Price, $9.50 
($10.50 outside U.S. and Canada ) 
(Reviewed by S. Jack Davis, Gallaway Mills Co 


La Grange, Ga 


Since the first edition ot the clmerican Cettor 


Handbook so ably fulfilled the aims of the authors 
namely, to present an authoritative and concise ret 
\merican cotton 


erence work on all phases ot the 


this handbook is now 


the textile field and one needs to note in the present 


industry well established in 


1 


review only the differences between the second edi 


tion and the first edition The efforts of a single 


reviewer are necessarily madequate because of the 


catholic coverage of material, much of which is be 


vond any one person's field of specialization 


The authors have wisely eliminated a chapter on 


rons construction in the early edition, 


cotton grey 


along with chapters on sewing thread, and 


weaves, 


the designing of cotton goods and terry fabrics, in 


order to provide space for more adequate attention 
to the 
the fiber, m 


latest advances in harvesting and processing 


hing, mierceerTizing, dyemg,, and 


finishing 
The 


held of carbohydrate 


udacity of the authors im covering the entire 


chemustry im. the space ot 1] 


ing. What is even 


somewhat 


Nevertheless, one is imelined to question the com 


pages 1s 


surprising is that this terse review is pretty 


promise on this pomt, for such a sucemet review will 


uninitiated, and lnneces 


ve of little assistance to the 


sary for the specialist, in understanding the late 


sections referring to modification of the fiber 


\ similar difficult decision must have taced the 


authors in devoting a chapter to nomenclature of dyes 
The chapter on Professor 


physic il testing by 


Schwarz us excellent The chapter on chemical test 


by Leo 


obviously not 


ing Sheehan hkewise 


able, although 


iddressed to the layman, which ts not 
essential mm this case 

Reference to these two collaborating authors calls 
for a bouquet for the authors of this /fandhook for 
utilizing the services of various specialists for specity 
Fisher, 


Association of Cotton Man 


contributions, Among these are Russell 
National 
ufacturers, who discusses the contribution of the cot 


ton industry to World War IL, and | Roge r Wallace 


of the Commodity 


Presicle nt of the 


Research Bureau, who revised the 


chapter on the economne and statistical bac kgroundd 


of the industry 
hook 1s remark ably Iree of errors Of OMISSION 


or The reviewer has spurt checked cet 


tain chapters of particular mterest and finds that 


some relatively obscure but important facts are not 


omutted, even if they are only included in a literature 


reterence These reterences to the literature are es 


pecially helptul, as also is the detailed rice x of $2 


pages The presence ot advertising is somewhat irri 


tating, and the “edueational value constituting ex 


vaiterial” of 


cellent source 1 such advertising is ques 


tionable 
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It is unnecessary to commend this Handbook to 
the textile technology fraternity; the scientist will 
find it satisfying and provocative—satisfying because 
a large number of related facts are so well organized, 
and proven ative hecatise its CONCISENESS SE nds 
one immediately to the appropriate reference litera 


ture 


The Principles of Rheological Measurement. 
Report of General Conterence, British Kheologists’ 
Club, Bedford ¢ ollege Umiversity of London, Ov 
tober, 1946 edinburgh and New York, Thomas 
Nelson & Sons, 1049 14 + pages Price 


(Kewmewed by karl hischer, Natwnal Bureau of 


Standards, Woashington, (4 


This isa collection or ele VET) pre scl tec 
at a conterence on rheology held at the University of 
London in October, 1946, under the auspices of the 
british Rheologists’ Club Keports presented at a 
previous conterence, held in 1944 under the same 
wiapices, found their way into print under the 
title /issays in Rheology published by Pitman 1 
1947 (reviewed in Textite Researcu Journar 18 
134-5 (Feb. 1948) ) The two volumes have some 
features im common: both seek to bring system 
the physics of measurernment of the “deformation and 
flow of matter”; both contain « \pressions of current 


views on research problems of great importance in 
dustrially and of vast complexity theoretically, Witl 


a field so broad and diverse, the present volume suc 


ceeds as a kind of topical progress report but it 


hardly yustitties the ambitious title 


Some idea of the province claimed by rheology may 


he gamed if we view flow in terms of viscometric 


units: the range ts about I poises and includes 


the “superthiad,” liquid helium, at the one extreme 


and molten glasses and rocks at the other extreme 


Mut this is a simplification, for the most interesting 
ind perplexing examples af flow mvolve sundry othet 
properties, including elasticity, variations in resist 
ince to flow with rate of shear, vield points, ete Phe 


tuthors im this volume concern themselves generally 


with the higher arn the pipers deal 
with greases, pastes and doughs, rubber, wood, and 
rhetals Phere is considerable emphasis on measur 


ing methods, and a final chapter provides another 


hisquisition into terminology Most of the chapters 


ire extended wath contributed discussions of contre 


TEXTILE RESEARCH JOURNAL 


ersial and unresolved features of these measure 
ments 


] 


This book 1s not mtended for the novice, but it will 


prove of great interest to the physicist and the 
physical chemist who themselves are grappling with 
the measurement of complex flow phenomena 


Temperature and Human Life. C.F. A. Win 
slow and L. P. Herrington. Princeton, N. J., Prince 
ton University Press, 1949. 272 + xiv pages. Price, 
$3.50 


(Reviewed by Harwood S. Belding, Quartermaste, 


Climatic Research Laboratory, Lawrence, Mass.) 


\uthors of books which synthesize imformation 
from different branches of science deserve special 
credit for their efforts in that they automatically 
forego the potential royalty opportunities which are 
open to successful writers of books organized to meet 
the needs of established college and professional 
school courses in one branch of science. However, 
good books which cut across conventional fields of 
know le lyre have been responsible for the establish 
ment of new academic courses. That the recently 
published volume Temperature and Human Life rep 
resents a useful synthesis which might bring about 
such a result will be recognized by textile and cloth 
ing technologists, architectural engineers, climatolo 
gists, and biologists who have sought information as 
to the principles applicable in the protection of man 
against environmental stresses 

Drs. Winslow and Herrington were uniquely quah 
tied tor this task by reason of the large contribution 
which their laboratory, The John B. Pierce Labora 
tory of Hygiene, New Haven, Connecticut, has made 
toward establishing quantitatively the relationships 
between the comfort of man and the environmental 
factors of ambient temperature, radiation, and wind. 

In highly technical contributions to the physiologi 
cal and air-conditioning literatures, the Pierce Lab 
oratory has established constants applicable for heat 


hy convection, radiation, and evaporation 


exchanges 
of sweat lo elementary students of this subject 
these contributions must often have been unavailable 
oF incomprehensible 

In Temperature and Human Life, the authors have 
used excellent judgment in making a readily under 
standable presentation of the basic principles which 
ire applicable, while retaining enough quantitative 


information to meet many reference needs Early 
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sections of the book are devoted to consideration of 
human heat production and loss, and adaptations of 
the body to hot and cold stresses. There follows an 
analysis of the problems of providing protection by 
means of clothing and housing. In conclusion, the 
influence of climate upon health is discussed 
Textile and clothing technologists whose interests 
he in meeting clothing requirements for difficult en 
vironmental conditions will find the book valuable, 
hoth for its content and because of the large bibliog 
raphy which is provided. The chapter “The Thermal 
Protective Influence of Clothing” wall be of particu 


lar interest to them as an expression of the physiolo 


gist’s viewpoint in making judgments of clothing 


adequacy 


Cotton Slashing. Paul V. Sevdel. Published by 


Textile Industries, Atlanta, Ga., 1949. 270 pages 


Price, $3.50 


(Reviewed by John UW". Harrison, Bates Manufacti 


my Co Lewiston Vaine ) 


Dr. Sevydel has mecorporated the series of article 


on cotton’ slashing which aroused considerable im 


terest when they appeared in Textile Industries, wit 


an appendix of useful tables, into this resume or the 


whys, whats, and hows of sizing. The volume shows 


a considerable background of information, and gives 


an excellent picture of the action of the various sizing 


materials and of their physical characteristics, Good 


chapters on frequent difficulties encountered and the: 
descriptions of the conventional and hot-air slashers 
and new auxiliary equipment will be of interest to 
both students and workers 


Granted that this volume is intended for the prac 


tical man, the material on size preparation and testing 


+} 1] 


is fairly complete However, there 1s still room tor 


i more complete discussion of the rheology involved 
The research required to repare such a chapter 


would be considerable, but a better statement of the 
problem and of known pertinent facts might prove 
valuable to many slashermen whose knowledge 1s 


Inased information gleanec 


limited now to the possibly 


from size and equipment salesmen. Such a chapter 
might well help the nontechnical mill man to pick and 
choose among the materials and gadgets offered to 
day in such a wav as to considerably improve his 
work, or save money o1 useless gadgets and ma 
te Is, oF both 


Standards and Labels for Consumers’ Goods. 
less \ Coles New \ ork, Ron ild Press L_., 1049 


550 pages Price, $5.00 


(Reviewed by Ephraim Freedman, Macys Bureau 


Standards, New York) 


The most comprehensive, analytical, and objective 


approach to the twin subjects of consumer-goods 


standards and informative labeling is to be found in 
Standards and Labels for Consumers’ Goods Wy 
Jessie \ ( oles 


Starting with consumer problems and attitudes, 


Miss Coles employs a thoroughly dispassionate vet 
forceful approach to the twin subjects by breaking 
them down into their basic components, describing 
the views of various segments—te., manufacturer, 
retailer, advertiser, consumer, and educator—toward 
standards, informative labeling, and grade labeling 

Complete with clear-cut descriptions of an ever 
increasing ninber of both voluntary and mandatory 
labeling and standards, replete with references, and 
generously seeded with pertinent observations, Stand 
ards and Labels for Consumers’ Goods should In 
come a standard text in all economics, merchandise 


and advertising curricula 


Acetylene and Carbon Monoxide Chemistry. 
John W. Copenhaver and Maurice HH. Bigelow 
New York, Reinhold Publishing Corp., 1949. 357 4 


vi pages. Price, $10.00 


le Co., Inc., Pawtucket, 1.) 


This book as based mamly on the chenustry ot 
acetylene wider pressure as developed trom: the cap 
tured files of 1.G. Farbenindustrie, the reports of the 
Kield Information Agency, Technical (FLAT), the 


Intelligence Sub-committee 


(BIOS). and the reports of the Publeation Board 


of the US Department of Commerce (PB Reports ) 

It is unfortunate that rehance on this lterature ha 
resulted in a minimum of references to the patent at 
periodical literature of Britam and the United State 


This 1s particularly noticeable the discu ston 
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( Reviewed by Martin H. Gurley, Jr., American Ti 

: 
| butadiene production 
The theoretical background is credited to Dr 
Julius Walter who imitiated the book under 
the direction ot the © hemcal orps alter 
: he d he U.S. Army Chemical Cor a 
the fall « 
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Phe ch 

tents of 

\cetylene 

: 
(yelopolvoletis 

Monoxide-Carbox 

Vil 

logs; VIII 


upter headings are 
book: I 
at Atmospheric Pressure 
IV. Reactions 
VI. The 


viation and Related 


expres 


the Synthesis and Reactions of 
Vinylation ; 
\ 


Carhor 


i] 


ethinylation of Products 


Chenustry of 
Processes 
Acetylene Home 
Explosive Decompositions of Acetylene 
and equipment for Handling Acetylene 
\cetylene 


Synthesis and Keactions ot 


Pressure Decomposition of 


the pressure reactions of icetvlene are cle 


tailed as to quantities of materials and conditions of 
tine temperature and pressure rial We the book 
il i a reference for there starting mn the 
hela Im ipter Vil considers exter 
ively the techniques of handling acetvlene under 
pressure as well as the materials of construction and 
le ir « pressure vesse ls for such work 
The pel legible the illustrations are sati 
i tory and the line drawings excellent This reviewer 
noted ho erre 
To the hemist imterested only m= textiles this 
| hook will probably be uninteresting, However, if the 
ij. henmust should be desirous of obtaining knowledge 
bout the origins of vartous resins and ftiber-forming 
materials now widely ech in texttle this book wa 
prove i valuable uree of 
A Handbook on Cotton Warp Sizing. Second 
boclition \ Pubheation of the Textile Kesearch Staff 
Houghton & Philadelpl Hought 
Reviewed Ho. n, | Va ‘ 
> wistor Van 
q 
ill ois i he Te we inh 
hie C ontamiuny wt doe 
review ¢ the re ‘ ot slashing the conime 
used ! is well as the « cot 
ny one nieTres the cottor lasher Toon 
rovule hbackyre source for the technical n 
how miterestes the sizu oprebien 
The Ffand i TEeVise eariet 
| the e stall 
The cise 1 t] ! he size il 
wi techie rather elementary Phere 
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tle material to help the student of rheology, 
although there are facts and charts which may aid 
mill men in understanding the phenomena which 
they have already observed 

Included are some typical sizing formulas and some 


We believe 


this volume to have a lumited usefulness, but the smal! 


tables of value to the production man 
cost may be well repaid if the individual reader re 


ceives help from any one of its various sections 


Diccionario Textil Panamericano. 
New 


Compiled by 
York, Panamerican 


S40) pages 


I. Rodriguez Ontiveros 


Publishing Ine Price, 


This Spanish-fnglish, lenglish-Spanish dictionary 


vill fll a Jong-recoynized need for an authoritative 
Inhingual dictionary of technical terms common. to 
the textile industries of Spanish- and English-speak 


countries 


he vocabulary sections are ¢€ xceptionally well or 


1 and complete considering the fact that in 


instances, especially in the Spanish-American 


countries, terms have artsen that are used only locally 


and that many equivalent terms are in use. The situ 


ation has been met by selecting the term most com 


monly used im the country of origin. In each case an 


ibbreviation indicates the country m which the term 


is most frequently heard 


Words that are not usually found in’ standard 


lard Spanish dictionaries or terms 


that need 


definition to guide the reader in the choice 


an equivalent are clearly defines 


1 


tllustrated section 


comprising 285 pages ce 


oted to textile technology and written in Spanish 
l serve as a useful handbook in Spanish-language 
tries Fibers, mechanical operations, calcula 
tons emploved in drafting, spinning, ete., and conver 


} 


factors are briefly discussec 


Phe volume has heen a long time in preparation 
cars cordn y lo the pretace and, all in all 
the care in its preparation is evident throughout. It 
in, Without reservation, be recommended to all pet 
ons and organizations connected with the textile 
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